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INTRODUCTION 
I. Bark is a non-technical term. It is often used 
loosely causing considerable confusion. One sometime 
hears about the bark of a palm tree which is a Monocotyledon 
and has the epidermis along with thick-walled fibres concen-
trated near the periphery. This is not bark. True bark 
is present only in the Dicotyledons and Gymnosperms. Here 
the tissues outside the vascular cambium form the true bark. 
The constituents of bark also varies. At the early stage of 
growth the bark contains primary phloem, cortex and epidermis. 
Later on, the secondary phloem is added to it and often also 
the tissues resulting from the activity of phellogen. Thus 
it will be seen that the thickness of bark varieB depending 
on the age of the plant. Bark of mature trees has two clear 
cut parts, the outer bark and the inner bark. The outer 
bark is also called rhytidome. 
II. Speaking generally, anatomical study of phloem and 
its different tissues are much more difficult than that of 
xylem. Phloem cells are delicate and require unusual care 
during investigation. This has resulted in slowing down 
the progress of phloem study although it is now known that 
phloem plays an important part in the virus attack of plants. 
I 
III. Bark fibres of some plants have commercial value. 
These fibres are also known as bast fibres. Considerable 
research has been done on bast fibres to find out their 
origin, distribution in the axis and if possible to increase 
their number and thickness of wall. This has resulted in a 
voluminous literature on the subject. Bark also contains 
some chemicals which are used by some industries. Here 
also researches have been done to understand the anatomical 
structure of the tissues which contain commercially 
important chemicals. The time of maximum deposition of 
these chemicals during the life history of the plant has 
also been investigated. 
IV. In India, not much research has been done on the 
commercially important chemical containing barks. It was 
therefore thought advisable to study the bark of Aoacla 
arabica Willd which yields the highest percentage of 
tannins among the indigenous trees. Both seedlings grown 
from seeds and the young shoots of mature trees have been 
studied in some details. The difference between these two 
materials though not conspicuous,yet they are minor points 
on which one could select one or the other, depending on the 
chemical he is Interested in.A method of differentiating 
in the field Acacia arabl oa from A. deeurrens and At mollissima. 
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the two tannin giving exotics introdueedin the country, 
has "been worked out. The preference for the use of shoots 
of mature trees to seedlings for the purpose of toothbrush, 
has strong anatomical support. 
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A review of past work on phloem 
As explained earlier, the term bark is applicable 
to Dicotylendons and Gymnosperms, and includes tissues 
lying between the epidermis and the vascular cambium. The 
tissues between the epidermis and the vascular cambium 
differ considerably, depending on the age of the plant. 
A young plant (seedling) which has not yet put on secondary 
growth, contains in its bark, the cortex, the primary 
phloem, and occasionally periderm. For the purpose of 
this study we have also included in bark, the epidermis, 
because there is considerable effect of growth activity 
on the structure of the epidermis. When the axis of the 
plant has developed secondary growth, it then includes all 
the tissues that result from the primary growth plus those 
of the secondary phloem. 
Before taking up the anatomical study of the bark, 
it will be available to give here a brief history of the 
important results that have so far been obtained from the 
anatomical study of this tissue. We shall deal with the 
phloem first and then the rest, in the order, cortex, 
epidermis and periderm. 
While working on coniferous trees, Theodor Hartig 
(1837) reported for the first time, some vertical elements 
with sieve-like structures on their walls. He gave the 
tentative name sieve tubes to these elements. These obser-
vations were later confirmed and extended by Von Mohl(1855), 
Nageli (1861), Hanstein (1865), and Dippel in (1869), thus 
removing the old impression that phloem contained only hard 
bast and soft bast. Then Wilhelm (1880) described the 
companion cells along with sieve elements. The difference 
in contents of sieve elements and companion cells made him 
separate these two elements under different groups. Other 
workers, who played an important part in the study of phloem, 
were Russow (1883), Lecomte (1889), Poirault (1893), Perrot 
(1899), Strasburger (1901) and A.W. Hill (1901 & 1908). 
All of them made considerable contribution in bringing 
about a better understanding of the elements which consti-
tute the phloem tissue. 
During the early part of the present century, 
Hemenway (1911, 1913) made intensive study of bark of six 
species of Jaglandaceae. This work was an important contri-
bution from the point of view of detail study, although he 
brought in some points which were to some extent speculative. 
MacDaniels (1918) made a general survey of bark by 
studying over 50 species of Dicotylendons. Jhis was a 
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phylogenetic study, and more extensive then intensive. 
Credit for intensive work on the phloem goes to Esau (1934, 
1935, 1936 and 1938), Abbe and Crafts (1939). Esau (1934) 
found in young sugarbeet the first sieve elements to appear 
in the third leaf primordium and -collapse in the fifth. 
In 1938 she made an investigation on the phloem of tobaoco 
plant and - --traced the differentiation of the firBt sieve 
element, the development of Internal phloem from the meristem 
that develops on the adaxial side of the xylem. The entire 
/ keen. by/»«r* 
life span of the sieve tube elementsA.as„ divided^lnto four 
stages (1) Development stage; (2) mature stage} (3) Transi-
tional stage and (4) degenerative stage* In (1950), she 
worked on the development and structure of the phloem 
tissue in different groups of plants, Monocotyledons, 
Dicotyledons, Gymnosperms, lower plants and Algae and found 
that sieve tubes are the characteristic of primary and 
secondary phloem of Angiosperms. The Gymnosperms possess 
sieve cells. In 1953 Esau and V.I. Cheadle made a 
"comparative study of the structure and possible trends 
of specialization of the phloem in the various groups of 
plants like, Psilopsida. Lycopsida. Sphenopsida and 
Pteropslda". Esau, H.B. Currier and V.I. Cheadle (1957), 
worked on the "physiology of phloem".f Esau, and V.I. 
Cheadle (1958), worked on the "secondary phloem of caly-
canthaceae". In 1964 Esau studied the "structure of bark 
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in Dicotyledons". She investigated the structure of the 
various bark components in the functional and non-functional 
phloem. In 1965 she made further study of phloem of vitis. 
Then Esau, M.C.W. Evans, Bobbs Buchanan, Doniel I. Arnon 
(1966) made an investigation on "The phloem at the source 
of photosynthates in the nQtnor veins of leaves. Abbe and 
Crafts (1939), investigated in detail the structure of 
phloem of white pine (conifers), and found degeneration of 
nuclei in the sieve elements. Generally the cytoplasm of 
mature sieve tubes did not respond to plasmolytic agents, 
and failed to accumulate neutral red. In white pine> 
cytoplasmic strands traversed the lumen of incompletely 
differentiated sieve tube elements, but the cytoplasm of 
the older cells assumed a truely parietal position and became 
so thin and transparent, that it is detected with difficulty. 
The boundary between the mature permeable cytoplasm and the 
vacuole apparently breaks down and the interface between 
the two becomes almost indistinguishable. According to 
Abbe and Crafts (1939), the secondary sieve tubes of pinue 
strobus and other Abietineae have in early stages, thick 
primary walls but later develop true secondary walls. The 
walls some time form borders over the sieve plates making 
them appear like bordered pits with crossed oval openings. 
These walls become thinner after the death of the sieve 
tube elements. 
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While studying the sieve tube members in cucurbita 
some people, Grafts (132, 1936, 1938, 1939), wilhelm (1880), 
Fischer (1885a)J Leoomte (1889), found out that the protoplast 
develop some slime bodies, and after some time these bodies 
disappear* 
As regards the slime, the term "slime" is applied 
to the colloidal and apparently proteinaceous material in 
the sieve elements, This term has been criticised by 
Schmidt (191?), Rouschal Ernst (1941), because the substance 
is not a true slime, <x-nd - - --the exact nature and 
function of this sliae is not yet known, and the phloem 
investigators are not ready to agree upon a more appropriate 
and a better term. Slime is said to be in dispersed or 
suspended state in the vaouole. When a sieve element is 
cut longitudnally the slime accumulates on one or both 
sides of the sieve plates, and forms what is known as slime 
plug. According to Esau (1947t 1948, 1961), slime bodies 
occur not only in sieve tubes but also in companion cells 
o f
 vitls vinifera. and 'Robinla. Hot all dicotyledons have 
equal amounts of slime. In many tree species the sieve 
tube protoplasts are very thin Ernst (1941), The Monocoty-
ledons the Gymnosperms and the still lower vascular plants, 
in which slime bodies have not been recorded, have thin 
sap with a small amounts of slime in their sieve elements 
a 
(Abbe and Crafts, 1939-j Artschwager, 1943). Ernst (1941), 
confirmed that this substance is protein. Salmon (1946), 
found in these slime bodies ----^-lipids, and called 
them "Lipido-protelnaceous corpuscles" and the slime 
"Lipido-protelnaceous accumulations". According to Abbe, 
and Crafts, the slime is transitory in nature and soon 
disappears from the sieve elements. Thaine (1964) discovered 
the thin cytoplasmic strand in the sieve elements of (1) 
fcucurbita pepoi(2) Glycine max (3) Solanum tuberosum. 
He interpreted that these cytoplasmic strandsare attached 
to sieve plates, and a linear row of small particles is 
attached to these cytoplasmic strands. The fluid exudate 
of (iuourbita pepo when examined by phase contrast micro-
scope shoved fibrillar structures, mitochondria plastids-
5yd in diameter. The transcellular streaming ooncept in 
sieve tubesaaS^studied by Thaine and Preston (1963)| 
Thaine, (1964). Thaine (.19 61) and Esau et al(1963) advanced 
the theory that transcellular elements are diffraction 
artefact or lines. Esau (1963), Thaine (1961), suggested 
that the cells in which transcellular streamingAasJjoDserved 
are the parrenchyma cells and the mature Bleve elements. 
Evert and Derr (1964) states that these cytoplasmic strands 
are slime strands. Reoently J.J. Shah, and K.S. Thulasy 
(1966), investigated the slime strands in the sieve tube 
in 
elements of Cucumls oallosus (Bottl.) CoGn., Luffalcvlindrloa 
(linn) Roem Schul and Lagenarla Vulgaris Seringa, 4 Types 
were -jtMeJ-
of distribution in pattern/ (a) amorphous slime (b) slime 
plug (c) slime strands (d) a mixture of slime strands and 
amorphous slime. Amorphous slime ean be seen dispersed 
throughout the sieve tubes as a continuous and disconti-
nuous mass. Slime plugs are not common. They may be 
amorphous, or fibrillar by nature. Slime strands are of 
two types, one is thin with a beaded appearance, the other 
are thick and fibrous. 
It has been now known for a long time that sieve 
elements are not as long as the adjacent cells of fibers. 
There is a break in the continuity of these cells elements 
which are connected by perforations or pores, called sieve 
plates, sieve fields and sieve areas. Although this has 
been known for a long time and various terms has been 
used by different workers, this is now more or less accepted 
that this structure should be called sieve plate. The 
sieve plates are arranged differently in different regions 
of the sieve elements. The inclined, terminal wall has 
usually several sieve plates. The longitudnal walls may 
also show the same kind of sieve plates or these plates 
may be reduced in size as well as in number. 
Ji 
It was Hanstein (1864), who for the first time 
saw some massive accumulation of oallose on the sieve areas 
of old sieve elements and called it callus. The term callus 
and oallose are not synonymous; oallose refers to some wall 
substance and callus to accumulation of this substance. 
In his opinion the callus substance* was a cytoplasmic 
deposition. A few year later Janzewski (1878), said that 
the non-functional stage of the sieve elements was due to 
callus formation. He was able to see callus in the sieve 
elements which have been crushed. On the other hand, there 
are workers such as Wilhelm (1880), Oliver (1887), who 
regarded callus as transformed cellulose of the sieve plate. 
Many workers, too many to mention here, have expressed their 
opinion on the origin of callus. It is not possible for 
me to give here the final opinion because no final conclu-
sion has yet been derived. In this connection, a term 
called definitive callus has been used by some workers. 
When there are several sieve areas present very near one 
another, the deposit of the adjacent areas may fuse or 
overlap. This gives the impression that callus has spread 
over, indicating ceasation of activity of the sieve elements. 
i\ The mass of the oallose found on the sieve areas has some 
"time been called definitive callus, Leoomte (1889). 
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Recent use of electron microscope has revealed a 
great deal of information on sieve elements which can not 
be Been with the help of a light microscope. The ultra 
structure of plastlds, nucleus, cytoplasm, vacuole are not 
dealt with here, because this study is confined to what 
oan be seen with light microscopes* 
After reaching maturity the sieve elements show 
only a slight formation of callus. The callus formation 
however, continues to develop and covers up the sieve 
plates. Then the callus completely buries the cellulose 
net work between the pores. After some time this callus 
is dissolved away and the cytoplasm dies. It has been 
known for a long time that the sieve tubes of protophloem 
are crushed very quickly often without loss of callus. The 
metaphloem sieve elements in woody and herbaceous species 
may be partially crushed or completely obliterated. It 
all depends on the species and its genetical make up. 
Associated with sieve elements are companion cells. 
These are now accepted as parenchymatous by nature. My 
te*. 
plan i s to deal with the companion ce l l s f irst^with the 
other type of parenchyma c e l l s . This special type of 
parenchyma ce l l was f i r s t observed by Nageli in 1858. 
De Bary l a t e r observed "Thin walled, elongated prismatic 
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cells" that are associated with si ere tubes in the primary 
vascular bundles and in secondary phloem. Prom this 
definition of his it would appear that he was talking 
about companion cells *ot other type of parenchyma in the 
phloem. The name companion cell was for the first time 
given by filhelm (1880). Since then there has been a 
constant use of this term for the parenchyma cells asso-
ciated with sieve tubes. Esau (1950), when reviewing the 
development and structure of the phloem tissue aooepted 
this term. 
According to Chang (1935), Esau (1935)J& Palm 
(1936), companion cells do not occur in the protophloem of 
AnKiosperms. Bailey and Swamy (1949), have also reported 
absence of companion cells in Austrobaileva. 
Companion cells are very rare, if not 'wanting in 
many of the lower woody dicotyledons as for example Populus 
deltoides, Juglans nigra, and Lirlodendron lullpifera. 
But in phylogenetically highly placed families^ these cells 
are found in abundance. Examples are Tilla amerioana. 
Oeuhalanthua ocoldentails. Sambucus canadensis. 
It was in 1858 that Nageli reported parenchyma cells 
in the phloem tissue and called them "bast parenchyma", 
Later workers namely Hanstein (1864), Russow (1872), 
I ; 
Wilhelm (1880), called the same tissue sieve parenchyma. 
Again, Boodle (1902, 1906), reported thick walled phloem 
parenohyma cells and called them oambiforra parenchyma* In 
course of his study, Boodle (1914), observed that conduct-
ing parenchyma cells include cortical parenchyma and 
parenchyma produced by the primary vascular tissues. All 
these different names for the same tissue appear to be due 
to the fact that there is always difficulty in differentia-
ting between companion cells and phloem parenchyma cells, 
immediately after the procambium producesprotophloem. 
After some time, it may be hours or days, the phloem 
parenchyma may become thick walled, making it easy to 
differentiate them from the companion cells. HaoDanlels 
(1918) tried to get over this difficulty by using special 
stain for the study of phloem. We were also faced with 
this problem and tried to get over it by staining with 
different stains. Our attempt was, however, partially 
successful in this respect. 
This is all about the vertical parenchyma cells. 
With the initiation of secondary growth the rays are 
initiated and the horizontal parenchyma cells are also 
developed. Usually there is no horizontal parenchyma in 
the protophloem. 
^r 
The phloem fibers occur both in the primary and 
secondary phloem. In the primary phloem they develop when 
the elongation of the shoot goes on at a very fast rate. 
As a result they have been found to be very long. Accord-
ing to Esau (1950), the primary phloem fibers in dicotylendonB 
arise in the protophloem but not in the metaphloem. The 
pattern formed by the phloem fibers varies, it may show 
anastomiaing strands or tangential plates. Only primary 
phloem fibers occur in Alnus. Betula. Linum. Nerium. While 
others like Niootiana. Ulmua. Juglans. Magnolia* Ouorous 
Robinia* and Tilia. develop secondary phloem fibers also. 
There are still others like Geranium. Polygonum and Lonicera. 
which show complete cylinder of fibers either close to the 
vascular tissues or at a distance from them. 
Secondary phloem fibers are developed from the 
cambium proper. These fibers are usually well lignified} 
they may show simple pits or they may not. In some species 
these fibers show septa. Chemical deposition and lamination 
on the walls have been emphasized by /alley (1938). 
The number of fiber patch formed in a year differs 
considerably, depending on species and the age of the 
growing shoot. Often one finds alternate tissues of fibers 
and other phloem elements such as parenchyma, sieve tubes, 
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and companion c e l l s . The macroscopic view of the cross 
sec t ion of the phloem thus gives a conspicuous s t r u c t u r e to 
phloem t i s s u e as a whole. This s t r u c t u r e i s often pecu l i a r 
t o species belonging to a genus and some time to d i f fe ren t 
spec i e s . 
Hot much has been inves t iga t ed on t h i s aspect of 
phloem anatomyj and one of our object i n t h i s paper i s to 
c l a r i f y some of the confusions t h a t e x i s t s a t present i n 
l i t e r a t u r e . Here two important po in t s about the f ibe r s 
w i l l be dea l t w i th , (1 ) the o r ig in of the primary phloem 
f iber band, (2) The number of bands t h a t a p lan t produces 
wi th in a year One year old seedl ing and older p l a n t s . 
There i s a d i f ference of opinion among anatomists regarding 
the o r ig in of primary phloem f ibe r band. As ear ly as 1886 
and 1887, Arbamount reported tha t these phloem f ibe r s develop 
from the primary phloem and not pe r icyd ic i n o r i g i n . To 
t h i s school belong Dangeard (1889) , Kruch (1889), B e l l i 
(1896) , Br ios i and Tognini (1897), Leger (1897), Per ro t 
(1899) , Gidon (1901), P i t u r d (1900), Gaucher (1902), 
Winter (1909), Artschwager (1918), Esau (1938, 1943, 1948, 
1950, 1953), Poster (1942), Amelle Blyth (1958) (she called««5e 
ex t ra xylary f i b e r s ) . The other view was f i r s t presented 
by Van-Tieghem (1882, 1886), i n which he expressed the 
opinion tha t the ou te r most f i be r band i n the p l an t s he 
a 
studied were pericyclic in origin. Vuillemin and Morot, 
both (1885), supported Van Tieghem. In the present century 
pituard (1901), Holm (1908), Ligault (1908), Eamea and 
MacDaniels (1925), Avery (1933), thought that these fibers 
originate from pericycle. 
The number of fiber bands that a plant produce in a 
year, has been studied by many workers. They have attempted 
to find out the number of zones produced each year. Russow 
(1882a); Straaburger (1891), found two zones of parenchyma 
with sieve elements alternating with bands of fibers in 
Abietineae. Strasburger stated in 1891 that there were 
two to three fibrous zones each year in Robinia. Between 
these bands thereuere two bands of parenchyma out of which 
one band contains both parenchyma and—---sieve elements 
wcffc. companion cells. In Till a two fibrous bands are 
produced each year, except in the first year, when the 
annual increase in girth is greater than that of successive 
years (Strasburger, 1891). The woody species Ponulus. 
Salixt Sorbus. Amelanchler. Berberis produce only one 
fibrous band in a year, others like Crataegus. Rhamnua. 
Caragana. Aesoulus. Prunus, Acer, form a variable number 
of such zones (Russow, 1882), Vitie is different in 
producing one or two fibrous bands in a year but more in 
later years (Strasburger, 1891). 
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| Aristolochia contains no fibeT«* in the primary and 
(secondary phloem. According to Esau perivascular fibers 
band ia found external to the proto-phloem. fhere is a 
single band of parenchyma which alternate with the zone 
of sieve elements, parenchyma and companion cells (Janzewski 
1881, Strasburger, 1891). 
How a few words about the internal phloem, generally 
the phloem occupies the external or abaxial position in a 
plant. In addition, there are certain ferns and dicoty-
ledonous families, which produce some phloem tissues on the 
opposite side or adaxial side of xylem. This portion of 
the phloem is called Internal phloem. Vesquee (1875) 
called it false cambium. In reference to the internal 
phloem of ftiootiana Tobaemn. Scott and Brebner (1889), 
suggested the name local-cambium, inner cambium (Peterson, 
1882), unilateral cambium (Branetzky, 1900). Earaee and 
MacDaniela (1925), regarded internal phloem as the primary 
tissue • 
Fischer, 1884j Lamounette, 1890; Baranetzky, 1900| 
Leger, 1897bj Esau, 1938aj and others found that the 
internal phloem develops later than the external phloem, 
even later than the protoxylen. Peterson (1882) suggested 
that it is of procambial origin. Internal phloem is 
considered as the part of the vascular bundle by De Bary(1884). 
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He called this type of vascular bundle aa bicollateral 
bundle. Herail (1885) proposed* the name medullary phloem, 
because this phloem is developed in the pith. According 
to Lamounette (1890) it is not a part of prooambial strand. 
According to Beau (1938) the Internal phloem in 
Niootiana develops from the meristems , that Is formed 
through oell division at the adaxial side of the xylem. 
In the later stages the internal phloem arise in the older 
cells, closer to the protoxyleia. And still later phloem 
strand develops in the parenchyma of the protoxylem. 
In Diootyledons internal phloem is found in Apocy-
naceae, Asclepiadaceae, Convolvulaceae, Cucurbitaeeae, 
Solanaceae, and some oomposltae (Esau, 1953). Internal 
phloem is also called intra xylary phloem. 
Material and Methods 
AS&oJLa AZ&&L&& is a moderate sized tree, with a 
comparatively short trunk. It has spreading crown 
and small feathery leaves. The bark of mature trees 
is dark brown outside, pinkish brown inside, with deep 
longitudnal fissures whioh often run spirally up and 
down the tree. Young branches are green and pubescent. 
Stipular spines are always straight and long upto 2nj in 
length. In old trees spines may be absent. 
The genus Acacia is mainly tropical. It also 
grows in the subtropical regions. It contains about 
300 species, and Includes many important timbers of 
commercial value. Members of this genus also yield 
valuable products like gum arable, and tanning materials. 
Acacia arabloa wllld grows throughout north India. 
Some tree8 grow also in Horthern Seooan. The tree is 
extensively planted because of its eoonomic importance. 
Its bark, wood and gum are sold in the market. In 
extremely dry areas irrigation has to be provided other-
wise the t rees wi l l d ie . 
Seedlings develop quickly. Primary roots are 
usually long and thick; l a t e r a l roots , short and fibrous 
with small nodules. With abundance of l igh t and suitable 
so i l condition i t grows quickly. The pot plants grown 
by me showed height growth as given belows 
I A B U - I . 
Number of Average Average 
seedlings length in cm age in days 
1 
3 
3 
3 
3 
2 
1 
1 
7 . 8 
10.5 
26.6 
38.6 
52.5 
45.4 
57 
80.5 
8 
12 
51 
70 
82 
130 
357 
519 
* Average of two to three seedlings or single seedling. 
Since growth of a plant depend8 on its environmental 
conditional it would be advisable to give a rough idea 
of the climatic conditions in Aligarh. 
Aligarh is situated at north latitude 27° 
29 and 28° 11 and east longitude 77° 29 and 78° 36, 
The climate is semi-arid. She vegetation is there-
fore scrubby type (Champion), fhe mean monthly 
temperature goes upto 35°C in the month of June. 
May is also a hot month, when the temperature is above 
30°C. By July the temperature drops down with the 
comming of the monsoon, fhe cotd.est month is January, 
when the mean monthly temperature is about 17°C 
(Pig. No. 1). In fact November, December and January 
are quite pleasant. The rainfall is the heaviest in 
August, when it may go upto 300 rain.. Both July and 
August are-—----wet months (Fig. No. 2). For the rest 
of the year the rainfall is rather scanty (Pig. No. 2). 
The Pig. No. 3, gives the relative humidity at 8-30 
and 17-30 hours. The month of May is the driest. 
Immediately after the monsoon the humidity goes up and 
remains so during July, August, and September. 
FIG. 1. MEAN MONTHLY TEMPERATURE 
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Showing height growth of mature shoots. 
Number of Average Average 
shoots length in cm age i n days 
4 6.3 10 
2 10.7 16 
3 17 35 
5 26.6 67-74 
4 26.7 85-86 
4 37.5 116 
6 70.15 163 
* Average of 2,3,4,5 and 6 shoots. 
Five trees of Acacia arablea Willd were selected 
and tagged for this investigation. Out of these five, 
only one was studied in detail, and the branches of 
different ages from other 4 trees were taken aVrandom 
to confirm the results obtained from the tree studied 
in detail. These trees were located just outside the 
University campus and were Isolated trees in a field. 
For the Investigation of development of bark in seed-
lings, 21 plants were grown in pots, and kept outside 
the Botany department building for observation and 
measurement* 
Seeds for this were obtained from the forest 
research,Dehradun. For comparative study of mature 
bark of Aoaoia mollissima Willd (black wattle) and 
Aoaoia Deourrens Willd (green wattle) were also in-
vestigated along with Babul. As far as the study of 
mature bark of Acacia arabloa Willd is concerned, not 
only the Babul grown at Allgarh was investigated but 
a l s 0
 Acaoia arabica Willd grown near Dehradun and also 
Ootocumund in the South. The idea was to get all the 
possible variations that the phloem of this species is 
like to show. 
Method of StudyI The field data tfa^ collected from 
1964-1968. Although the method of study was similar 
for both the shoots of the seedlings and those of mature 
trees, some difficulty was however, encountered while 
selection of the shoots was made. The seedlings clearly 
exhibited successive extension growth on the stem by 
showing difference in colour of successive shoots. This 
was more or less the characters-tie of shoots of seed-
lings. On the other hand, the difference of colour in 
the shoots of successive extensionjpras not well marked* 
To get over this difficulty, these shoots were tagged, 
and numbered. About 210 tags were used for keeping 
trace of the different extension growth throughout the 
season in 5 trees. Every week or fortnight the rate 
of growth was measured and recorded. Materials for 
microscopic examination were selected from different 
regions, mainly from three different plaoes of both 
types of shoots. One was from the tip of the shoot, 
then at the middle, and finally, from base of the current 
year shoot. In addition, ofew shoots of the mature tree 
were studied by taking out material from each internede 
beginning from tip to Uottom.. 
Pieces .4-1 cm long were killed and fixed In 
P.A.A. (Chamberlain, C.J. 1910), (Johansen, D.A., 1932), 
(Sax, K. 1931) for a day for young and delicate material 
of 8-12 days old. A week was required for older material. 
After washing for 24 hours the delicate material was 
embedded in paraffin according to Johansen's method 
(1932). 10-12 u thick sections of seedlings and shoots 
of 8-12 days were cut by rotary microtome (spencer), 
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while those of the other seedlings with Reiohert*s 
sliding microtome. Here it should be mentioned that 
treatment with .4 strength of hydrofluric aoid was 
necessary for softening some shoots from mature trees. 
Sections of soft material were stained in safranine 
and light green* Those of other seedlings in Haiden-
hain's iron-Haemotoxyline and safranine. Siamark brown 
was also used in place of safranine in some oases. Then 
temporary and permanent preparations were made. 
As regards the oambial activity, Theodor Hartig 
(1857), and J.E. Lodewiok (1928), reported that starch 
deposit in the ray initials indicates the dormant condi-
tion of the cambium. But Chowdhury found that starch 
deposit is also found in the ray initials when cambium 
is active. It is therefore not advisable to use the 
deposition of starch as a reliable criterion for detect-
ing activity and dormancy of cambium. Wight (1933), 
and Chowdhury (1939), suggested that the best criterion, 
for determination of oambial activity was the aotual 
condition of oambial zone, fhe cambium consists of a 
single concentric row of cells in between the xylem 
and the phloem tissues. When this layer assumes activity, 
it produced xylem mother cells towards inside and phloem 
2T 
mother cells towards outside. During the growth activity, 
the cells of the cambial zone usually have radial^ muoh 
thicker than the tangential walls. All walls show a 
very plastic state. While during the dormant period, 
all the cell walls radial and tangential are thick, and 
there is usually not much difference between these two 
sideyralls. 
During the early stage of vascularization the 
procambium cells are not always easy to detect, their 
"siJEe and shape are similar to proto-phloem. However, 
a i \ later period these pro cambium cells take up the 
usual shape of box like structure of cambium. 
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R E S U L T S 
S E E D L I N G S 
Seedling No. 1. 8 days old. 
Morphology! The germination of Acacia arabica wllld seed 
was epigeal. The testa was carried up over the cotyledons, 
dropping with their expansion. She plumule was leafless 
till it was 4 cm in length. In 8 days small leaves "began 
to oome out at the top of the shoot. 
Anatomyi Tip regiont Oross section of the tip region 
showed a single layered epidermis consisting of small 
squirish oells. She cortex was made up of 6 rows of 
cells, of which the outer three layers were comparatively 
large, while the inner cells were small. Ho fibers out-
side the vascular tissue were developed at this stage. 
In vascular tissues, only a few protophloem and protoxylem 
elements were differentiated. The oambial zone was made 
up of 2-3 cells in between the xylem and phloem tissues. 
At this stage, the crushing of the sieve elements was 
not possible to detect. Nor could I locate any companion 
* Hotel The fiber bands were counted from periphery 
towards eenter. 
** Notei The internodes were counted from tip to base* 
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cell. The phloem rays had not yet developed. 
•9 cm below tip regiont The cells of the epidermis 
and cortex showed no difference here in comparison with 
those in the tip region* Adjacent to the innermost 
cortical layer, two rows of the cells showed fiber like 
structure, though underdeveloped. 
1.5 cm below tip Base: The cross seotion of the stem 
was somewhat squarish in shape. The epidermis was composed 
of a single layer of radially elongated cells. Below this 
there was again the same type of layer and a loose band 
of crushed parenchyma cells. These crushed parenchyma 
cells apparently owe their origin to outer cortical cells. 
The next rows of oval parenchyma cells belonging to cortex 
had not changed their shape. 4 Vascular bundles were 
present at the four corners of the squarish stem. Each 
bundle consisted of fairly well developed oaps of fibers. 
The middle of the cap was made up of 4*6 rows of fibers, 
but near the ends of the cap cells were rarely more than 
4. The companion cells and metaphloem sieve elements 
could be clearly seen. A few protophloem sieve elements 
have been crushed. A well defined oambial zone, made up 
Pig. 22. Croat sect ion showing anatomy of 
B days seedling at the base. Note 
4*6 rows of f ibers (P ) | oompanion 
c e l l s (CC)t crushed protophloem (PP)j 
oajtbitra (C) Interfasc icular cambium 
(IKJ). 
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of 4 rows of cells was present in between the primary 
phloem and primary xylem. There were signs of formation 
of interfascicular cambium in between the vascular bundles. 
The oharacterstio divisions of cells of interfascicular 
cambium could be easily detected(Fc<g.22), 
Seedling No. 2. 11 days old 
Morphologyt This seedling showed 6 intemodes and it 
was 11.3 cm long* From the base a distance of 3 cm was 
leafless* Then compound leaves oocured* The first pair 
was opposite^the rest were alternate* The stipular 
spines in pairs were also present* 
Anatomy» 3.5 cm below tip (4th internode) In cross 
section the outermost layer was a single row of epidermal 
cells, some of which were flattened, tangentially* while 
others were triangular* The cortex was composed of 
circular to oval parenchyma cells. Primary phloem fiber 
band was next to the cortex* It was composed of 1-4 rows 
of cells* Adjacent to the fiber band was the nonfibrous 
primary phloem showing protophloem sieve elements etc. 
3t 
The oamblal zone consisted of 2-3 cells. 
11 om below tip (Base region)i She cross section of 
the base region showed a single row of epidermal cells, 
which were flattened in shape. Phellogen in the loca-
lized areas was found below the epidermis i.e. origin 
of phellogen was sub-epidermal. Cortical sone was made 
up of 5*6 rows of cells. A few rows of cortical cells 
had a thick chemical deposits. Adjacent to the inner-
most cortical layer was the primary phloem fiber groups 
with gaps filled up by parenchymatous cells. 
Some of the non-fibrous primary phloem cells were 
crushed and these were on the inner side of the fiber 
group. Here nonfibrous secondary phloem was well developed. 
Uniseriate and biseriate rays were visible in the phloem. The 
cambium was active, it was composed of 4-8 rows of cells. 
Seedling Ho. 3* 12 days old. 
Morphology! This seedling was 10.9 on long. It 
contained 11 interaodes. 
Anatomyi 3.9 em below tips The epidermis was 
composed of a single row of flattened cells. Cortical 
zone consisted of 5*7 rows of rounded to oral parenchyma-
tous cells, with intercellular spaces well developed. 
Adjacent to the cortex was a band of fibres. Some of 
the non-fibrous primary phloem had crushed. 
There was also a small amount of non-fibrous 
secondary phloem cells. The camblal zone was made up of 
6-8 rows of cells. This meant that these cells were 
active. 
10.6 cm below tips The stem in cross section showed 
a wavy outline. The epidermis was composed of 1-2 rows 
of irregularly shaped cells. Below this there were 
patches of phellogen tissues undergoing development. 
Below the epidermis there were some crushed 
parenchyma cells as in seedling No. 1, and then the rows 
Note* Seedling Nos. 2,3 St 4 were sectioned feui -not 
photographed.. 
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of large circular to oval parenchyma oella constituting 
to the cortical zone. Adjacent to the cortex were four 
groups of fibers, confined to the four corners of the stem. 
Sieve elements and companion cells of the nonfibrous primary 
phloem had crushed against the four groups of fibers. At 
this distance a band of immature fibers was developing in 
the secondary phloem. Nonfibrous secondary phloem was well 
developed. Uniseriate and biseriate phloem rays were found 
in the phloem. 
Cambium was active, cambial zone was composed of 
4-8 rows of oells. 
Seedling No. 4. 15 days old. 
Morphology! The 15 days old seedling was 9.3 cm in 
length. There were present two cotyledons like leaves 
opposite each other at the base region. About 7 compound 
leaves were present. It consisted of about 5 internodes. 
Anatomyt Cross seotion of the bud shows initiation of 
vascularization, The sieve element in the oenter of section 
can be easily detected(S.T.)(Fig 23). 
Anatomyt 1 cm below tint Cross seotion showed a single 
layered epidermis — - composed of cells, 
^ — b o t h triangular and flattened. Cortex was 
Fig* 23. Cross section of bud seedling No. 15 
showing formation of first sieve element. 
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Hg, g3# Bud section of S.lfo.15 showing si eye element, 
Pig. 24. Cross section of mature shoot 
showing active cambium. Note the 
width of the cambial zone and radial 
and tangential wall thickness of the 
oells in the cambial.zone. 

fig. £5* Cross section of the shoot of seedling 
Ho. 14 at the tos.se showing the structure 
of the cells In the camDial zone. Hote 
the vessel towards Inside under formation 
the tangential vails of the cells In the 
cambisl zone very thin, the radial walls 
are thicker than tangential walls. 
Mm 
mm 
Fig. 25* Shoot of seedling Mo. 14 snowing active 
cambium. 
Fig. 26, Cross s eo t ion showing dorraant cambium 
i n seedl ing 11 a t the base . Note 
c e l l s of camblal aone show f a i r l y th ick 
wall t a n g e n t i a l and r a d i a l w a l l s , narrow 
width of camblal zone. Cf. f i g . No. 24. 
Pig. 26. Showing do man t cambiua In seedling Ho. 11 
at the base. 
Fig. 27. Dormant cambium of shoot Ho. 96 of mature 
tree. Note the thickness of radial and 
tangential walls of cells in the oambial 
zone. Compare this structure with that 
of Pig.25. 
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fig* 27« Shows dormant oamblun ia the shoot Ho.96 
in nature trees* 
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made up of 5-6 rows of rounded to oval oelle. Adjacent 
to the cortioal zone were the undeveloped fiber initials 
of primary phloem. There were 2-3 rows of such cells. 
Next to this was the non-fibrous primary phloem such as 
protophloem sieve elements. 
It was not possible to ascertain whether the 
cambium was active or not. 
8.3 cm below tipt A single layered, flattened epidermal 
cells were notioed. Phellogen was developing below the 
epidermis. Cortex was composed of 4-5 rows of cells. 
A single fiber band with gaps was present. Hon-fibrous 
primary phloem had crushed. A small amount of secondary 
phloem had also developed* The secondary phloem fibers 
were not observed at this distance, tfnlseriate phloem 
rays were visible. Camblal zone was made up of 4-8 rows 
of cells. It was active. 
Seedling Ho. 5. 45 days old. 
Morphologyi The seedling was 16.6 cm long, and showed 
15 internodes with characteretic compound leaves, and 
stipular spines. 
f 
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Anatomy! Tip region -(just below tip): Cross section 
showed a single row of rectangular epidermal cells. Cortex 
consisted of 5-6 rows of circular parenchyma cells, with 
interoellular spaces. Primary phloem,,have not yet developed. 
Non-fibrous primary phloem. Protophloem sieve elements 
had differentiated in the prooamblal strand, where large 
parenchyma cells could "be seen also. 
.3 om below tip - (16th in tern ode) J A single row of 
epidermal cells, composed of small squarish cells, 
surround the shoot circumference in the cross section. 
Cortex was composed of 6 rows of rounded cells. Next 
to the cortex were some fibers at an early stage of 
development. Protophloem sieve elements and large 
parenchyma cells were visible. At this point in the stem, 
a few uniseriate phloem rays were being developed. The 
formation of the oambial zone was now complete and there 
were 2-3 cells in it. 
5.3 cm below tip - (10th intemode): Epidermis was 
same as .3 om below tip. The phellogen was originating 
in localized places in the subepidermal zone. At this 
stage it was difficult to say definitely whether the 
new cells cut off will form phellum or phelloderm. Cortex 
3« 
was also same as In 16th internode. Phloem fiber band 
had now been formed next to the cortical sone. This band 
was however not complete, and contained some parenchyma 
cells in between groups of fibers. Non-fibrous primary 
phloem had crushed next to the fiber band towards centre. 
A band of secondary phloem fibers was developing. 
14 cm below tip (Base)i Cross section of the base 
region showed a periderm ring. The epidermis and periderm 
were being peeled off. Groups of fibers in irregular 
rows were present, often the rows appeared to be 4 in 
number. She first group of fibers towards the peripheny 
was the primary phloem fiber band, and was composed of 
2-5 rows of cells.^ert, change in non-fibrous phloem. 
Ihe rest of the -*--•- -- —fiber bands originated from 
the non-fibrous secondary phloem, and were made up of 
1-3 rows of cells. The non-fibrous secondary phloem 
was well developed. Uniseriate and biseriate phloem 
rays were present. She cambial zone was composed of 5-7 
rows of cells indicating the activity of the cambium. 
Seedling No. 6. 49 days old. 
Morphologyi The seedling was 31.3 cm long when sectioned. 
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A snail side branch was produced at the axil of the 
leaves and .^ines of the 17th internode} it was about 
3 em in length, and it contained about 4 pairs of compound 
leaves. 
Anatomyi 3.8 cm below tip, 25th intemodel The cross 
section showed a single layer of squarish epidermal cells. 
Cortical sone was composed of 5*6 rows of cells. Fibrous 
primary phloem was found in a single band with gaps. The 
protophloem sieve elements were crushed. Uniseriate 
phloem rays were visible, She oambial sone was made up 
of 2*4 rows of oells, the structure of the cells in the 
zone chewed that the cambium was active. 
10.3 em below tip, 20th intemodei Ko change in epidermis. 
She phellogen was composed of 3 rows of calls, without 
indicating the ultimate position they were going to take 
in the phellogen. Adjacent to the phellogen ring were 
4-5 rows of cells of cortex. Fibrous primary phloem 
consisted of a single hand with gaps of parenchyma in 
between. Hon*fibrous primary phloem (protophloem sieve 
elements) had crushed adjacent the fiber band. Hetaphloem 
elements were also visible* 
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Secondary phloem - Small amount of secondary was also 
produced in which companion cells could be clearly detected. 
Uniseriate phloem rays were noticed, Cambial zone was 
composed of 8-9 rows of cells. It was active. 
14 cm below tip, 16th internodes Epidermis consisted 
of flattened cells. Periderm was composed of 2-4 rows 
of cells, it was peeling off. The cortical zone was made 
up of 4 rows of cells. 
Fibrous phloem - Bordering the innermost cortical layer 
were present group of fibers. In Hon-fibrous primary 
phloem there was no change. The second fiber band was 
originating so that there were only 2 fiber band in the 
phloem, Non-fibrous secondary phloem was well developed 
as compared to the 28th internode. It consisted of well 
defined sieve elements, phloem parenchyma and companion 
cells. Uniseriate and biseriate phloem rays were under 
development. The cambial zone was composed of 7-8 rows 
of cells. Cambium was active. 
22 cm below tip, 8th internodes A single layered epidermis 
was present and was being peeled off with some cork layers. 
Adjacent to this was the cortical eone.The number of fiber bandi 
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was also same as in 16th interaode. Phloem fiber band 
had now been formed next to the cortical sone. This band 
was however not complete, and contained some parenchyma 
cells in between groups of fibers. Non-fibrous primary 
phloem had crushed next to the fiber band towards centre* 
A band of secondary phloem fibers was developing. 
14 cm below tip (Base)t Cross section of the base 
region showed a periderm ring. She epidermis and periderm 
were being peeled off. Groups of fibers in irregular 
rows were present, often the rows appeared to be 4 in 
number. She first group of fibers towards the peripheny 
was the primary phloem fiber band, and was composed of 
2-5 rows of cells.^ gte^ , change in non-fib roue phloem. 
Ihe rest of the -*- --- --—fiber bands originated from 
the non-fibrous secondary phloem, and were made up of 
1-3 rows of cells. The non-fibrous secondary phloem 
was well developed. Uniseriate and biseriate phloem 
rays were present. The cambial zone was composed of 5-7 
rows of cells indicating the activity of the cambium. 
Seedling So. 6. 49 days old. 
Morphologyi She seedling was 31,3 cm long when sectioned. 
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A small side branch was produced at the axil of the 
leaves and spines of the 17th internodej it was about 
3 em In length, and it contained about 4 pairs of compound 
leaves. 
Anatomyt 5.8 em below tip, 26th intemode! The cross 
section showed a single layer of squarish epidermal cells. 
Cortical zone was composed of 5-6 rows of cells* Fibrous 
primary phloem was found in a single hand with gaps* The 
protophloem sieve elements were crushed* Uniseriate 
phloem rays were visible. The camblal zone was made up 
of 2-4 rows of oells. the structure of the cells in the 
zone chewed that the cambitus was active. 
10.3 em below tip, 20th internodei Mo change in epidermis. 
The phellogen was composed of 3 rows of cells* without 
indicating the ultimate position they were going to take 
in the phellogen. Adjacent to the phellogen ring were 
4-C rows of oells of cortex. Fibrous primary phloem 
consisted of a single band with gaps of parenchyma in 
between. Non-fibrous primary phloem (protophloem sieve 
-elements) had crushed adjacent the fiber band. Metaphloem 
elements were also visible. 
3* 
Secondary phloem - Small amount of secondary was a l to 
produced In which companion ce l l s could be clearly detected. 
Uniseriate phloem rays were noticed* Cambial zone was 
composed of 8-9 rows of c e l l s . I t was ac t ive . 
14 om below t i p , 16th internodet Epidermis consisted 
of flattened c e l l s . Periderm was composed of 2-4 rows 
of c e l l s , i t was peeling off. the co r t i ca l zone was made 
up of 4 rows of c e l l s . 
Fibrous phloem - Bordering the innermost cor t ica l layer 
were present group of f ibers . In Hon-fibrous primary 
phloem there was no change. The second f iber band was 
originating so that there were only 2 f iber band in the 
phloem. Ion-fibrous secondary phloem was well developed 
as compared to the 28th internode. I t consisted of well 
defined s ie re elements, phloem parenchyma and companion 
c e l l s . Uniseriate and b i se r i a t e phloem rays were under 
development. Ihe cambial zone was composed of 7-8 rows 
of c e l l s . Cambium was active* 
22 cm below t i p , 8th internodei A single layered epidermis 
was present and was being peeled off with some cork layers . 
Adjacent to th i s was the cor t ica l sone.The number of fiber band* 
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produced was 3 here* Thus there was an additional in 
thie than in the 16th Internode. fhe primary phloem had 
crashed against the innerside of the fiber band towards 
the periphery. Uniseriate and biseriate phloem rays were 
much better developed and they had fan out in the secondary 
phloem* There was no change in the cambial zone* 
27.9 cm below tip region, Base region! Epidermis and 
the periderm were being peeled off* fhe oortioal cells 
were full of chemical deposits* In this there were 4 
groups of fibers in irregular rows* These groups of 
fibers alternated with the bands of sieve elements, 
companion cells and phloem parenchyma cells* fhe uniseriate 
and biseriate phloem rays fanned out in the secondary 
phloem* Cambial sone was composed of 9-10 rows of cells* 
It was actire. 
Seedling Ho, 7. 51 days old* 
Morphology! Thie seedling was 27.1 cm in length. 
Morphologically there was very little difference between 
this seedling and the previous one* It had considerable 
4o 
amount of wood and the stem was therefore hard to knife. 
Anatomyi 2 cm below tip region, 25th Inteznodet Cross 
section showed a single layered epidermis, composed of 
small triangular to pentengular cells. 
Cortex was composed of 6*7 rows of rounded to oral cells. 
Next to the cortex was the fiber hand composed of 2-6 rows 
of cells* The non-fibrous primary phloem was crushed 
against the fiber hand. A small amount of secondary 
phloem was also formed* Uniseriate and biserlate phloem 
rays were visible* Cambial aone was composed of 5-7 rows. 
It was active. 
7*7 cm below tip region, 20th interaodes Epidermis was 
the same to look at as that of the 25th internode. The 
phellogen was being formed in localized areas. There was 
no difference between the cortex of this internode and 
the 25th internode. Next to the cortex was the fiber 
band composed of 2-6 rows of cells. The primary and 
the secondary phloem showed no difference with those of 
the 25th internode* Here also the rays were uniseriate 
and biseriate. Cambial zone was made up of 8-9 rows of 
cells. It was active* 
6! 
13.2 cm below tip region* 14th internodei Epidermal 
cells have been flattened here* Epidermis and periderm 
were peeling off. Cortex was now composed of 4-5 rows 
of cells. The secondary phloem fiber band was being 
formed in the secondary phloem, and was composed of 2-3 
rows of cells. Phloem rays were the same as in the 
20th internode. Cambial zone was composed of 7-10 rows 
of cells. The cambium was active. 
18.9 cm below tip, 8th internodei Ipldermis had flattened 
cells* Periderm was composed of 4 rows of cells. Both 
of these were peeling off* Cortex was same as in the 
20th internode. Here the second and third fiber bands 
were being formed, and they were made up of 2*4 rows of 
cells. Sieve elements, companion cells, and phloem 
parenchyma cells were clearly visible In this internode. 
There was no change in phloem rays. The cambium was 
active. The cambial zone was composed of 8*13 oells. 
27.9 cm below tip, Base region* The cross section of 
the base region showed an epidermis composed of flattened 
cells as in the 8th internode. Epidermis and periderm 
both were peeling off at places. At this stage the 
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phloem fiber bands were 4-5 in number. The first and the 
primary phloem fiber band towards periphery was composed 
of 2-5 rows of cells. The rest of the fiber bands* i.e. 
second, third and fourth were also compose* of 2-5 rows 
of cells* showing variation in the number of cells in 
different islands of the fibers. The cambium was active. 
It was made up of 8-9 rows of cells. 
Seedling Ho. 8. 58 days old. 
Morphology* The seedling was 22.5 cm in length. The 
main shoot consisted of 18 internodes. It had two side 
branches. One side branch contained 6 internodes* and the 
other 10 internodes. In comparison with other seedlings 
seedling no. 8 did not show any prominent difference. 
Anatomyi 1 cm below tip* 18th interaodet In cross 
section the epidermis was made up of small cells* both 
squarish and rounded. The phellogen was developing below 
the epidermis in localized areas. The cortex was composed 
of 5-6 rows of cells, ffext to the cortex there were Islands 
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of primary phloem fibers. Crushed primary phloem elements 
other than fibers were found on the inner side of the 
fiber hand. A few secondary phloem siere elements were 
also formed, Cambial eone was composed of 2-5 rows of 
cells. 
2.5 em below tip, 16th intemodes Epidermis was 
composed of flattened cells. Cortex consisted 5*6 rows 
of large oral cells. Phellogen was developing in loca-
lised areas. The primary phloem fiber band had paren-
chymatous gaps. Secondary phloem was well developed, 
and contained sieve elements, companion cells and phloem 
parenchyma cells. She cambium was active. Cambial zone 
was composed of 6-7 rows of oells. 
11.5 cm below tip, 6th Intemodes Epidermis and 
periderm were peeling off at places. Periderm was 
composed of 5 rows of cells. The primary phloem fiber 
groups were made up of 2*6 rows of cells. There were 
also three other fiber groups developed from secondary 
phloem. Saoh of these groups of fibers was composed of 
2-4 rows of cells. Uniseriate, biseriate and triseriate 
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rays were visible in the phloem. Cambium was active. 
Cambial zone was composed of 10-11 rows of cells, at 
places 13 rows were visible. 
22.2 cm below tip, Base region* The cross section 
showed peeling of the periderm. Cortex was similar to 
the 6th intemode. Here secondary phloem fiber groups 
were observed in four bands. Hays were the same as in 
the above intemode. Cambium was active. Cambial zone 
had 10*13 rows of cells. 
Seedling Ho. 10. 55 days old. 
Morphology! The seedling was 25.8 cm In length, and 
consisted of £8 internodes. There were three side 
branches. The morphology of leaves and spines was 
similar to other seedlings. 
Anatomyi 1 cm below tip,27th intemode t Well defined 
cuticle was present in this intemode. Epidermis was 
composed of a single row of small rounded cells, while 
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cortex was made up of 6-7 rows of cells. Next to the 
cortex a single fiber groups were noticed, some of 
these were as thick as 9 cells* Crushed protophloem 
sieve elements were also observed. There were only a 
few secondary phloem sieve elements* Only uniseriate 
rays were noticed. Cambial zone contained 5 rows of 
cells. 
5.5 cm below tip region* 22nd internode* Epidermis 
was composed of a single row of triangular, squarish 
and flattened cells* Cortex was made up of 6*7 cells. 
There were some crushed primary phloem sieve elements 
against the fiber band* Well defined secondary phloem was 
present. Hays were uniseriate and biseriate. Cambial 
cone was composed of 7 rows of cells* The cambium was 
active. 
11.9 cm below tip, 15th internode* Epidermal cells 
had flattened and were peeled off at places. Phellogen 
was developing in localized areas* Cortex was composed 
of 4 cells. Secondary phloem fiber groups were being 
developed. Bays were similar to the 22nd internode. 
Cambial zone also was the same as in 22nd internode. 
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13.7 cm below tip, 12th internodes Epidermis here was 
composed of flattened cells. Epidermis and periderm 
were peeled off. Bpidermis, periderm, and cortex were 
similar to those of the 15th internode. The secondary 
phloem was well developed, and elements like sieve, 
companion cells, and parenchyma were dearly visible. 
The seoond and the third fibre groups were developed in 
the secondary phloem. The uniseriate and biseriate rays 
were present. Gambial zone was composed of 8-10 oells. 
Cambium was active. 
18.5 cm below tip, 7th internodet Epidermis and 
periderm were peeled off vigorously. The rest were 
same as above internode. 
25.6 cm below tip, Bases The oells of the cortical 
zone were full of thick chemical deposits. There were 
three secondary phloem fiber groups developed. The rays 
were uniserlate and biserlate and had become fan shaped 
towards peripheral region. Gambial zone was now composed 
of 13 rows of oells. The cambium was active. 
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Seedling No. 11. 65 daya old. 
Morphology! This seedling was fairly thick and hard 
in comparison with earlier seedlings* It was 29.5 cm 
long, and consisted of 34 internodes. 
Anatomyi 2.3 en below tip. 31st internodet Epidermis 
was composed of small squarish cellst cortex of 5*6 cells. 
The phloem cells destined to form fiber groups, were 
taking charaoterstic shape. Some sieve elements from 
the protophloem were visible. Cambial zone was made up 
of 2-3 rows of cells. Cambial activity was difficult 
to determine. 
4.4 cm below tip, 28th Internodet The epidermis was 
composed of small squarish and flattened cells. Phellogen 
was arising in localised areas and peeled off at places. 
The cortex was composed of 4 cells in regions where 
phellogen was developing, but of 6 cells where there were 
no such sign. The primary fiber group had upto 6 rows of 
cells. tfniseriate phloem rays were visible. Cambial 
eone was 7-8 cells thick, and the cambium was very active. 
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8.2 cm below tip, 24th intemode. Peeling of the 
periderm was more prominent than in 28th intemode. 
Primary phloem fiber group wae composed of 1-6 rows of 
cells. Secondary phloem was well developed. Cambial 
zone was composed of 11 rows of cells* and cambium was 
active* 
17,4 cm below tip, 13th internodet Periderm and cortex 
were the same as in 20th intemode. The islands of 
phloem fibers were three in number. Uniaeriate and 
biseriate rays were present, The cambium was active. 
21.9 cm below tip, 7th internodet Structure of epidermis 
and periderm was the same as in 13th intemode. I^e^ 
peeled off at places. There were 4 phloem groups in all. 
Three fiber bands (groups) were developing in the secondary 
phloem. The phloem rays were similar to those of the 
previous internodet. The cambium was very active. 
28.4 cm below tip, Base* Cross section of base region 
showed periderm being peeled off at places. Cortex had 
thick chemical deposits. The fiber groups formed 4-5 
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ielands (bands). The outer most group (band) was 
oomposed of 2-3 rows of cells. Next to it on the inner 
side, other cells of the primary phloem were found but 
in a crushed state* The remaining 4 secondary phloem 
fiber groups (bands) were composed of 2-5 rows of fibers. 
Some
 7, phloem elments in between the second and the third 
fiber groups have also collapsed. The rest were visible 
along with companion cells and parenchyma cells. In the 
functional phloem next to the cambium, almost all oells 
of phloem were visible* The cambium was active. 
Seedling Ho. 12. 69 days old. 
Morphologyi The seedling was 34.8 om in length. It 
contained 31 internodes and 6 side branches, 3 on either 
sides. One of the branches was damaged, of the remaining 
five^two were about 20 cmJ The others varied in length, 
the shortest being 7 cm. The number of Internodes varied 
from 9-18. 
Anatomy: l om below tip, 30th internodei Epidermis was 
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composed of small squarish and pentangular cells, and 
the cortex was 7-9 cells thick, The primary fiber group 
was oomposed of 1-6 rows of cells. Some sieye cells were 
found to have crushed* A small amount of secondary 
phloem was being developed. Uniseriate rays were present. 
Cambial zone consisted of 4 rows of cells. The cambium 
did not seem to be active. 
6.5 cm below tip. 23rd lntemodti Periderm was peeled 
off at plaees. Cortex was 5-6 cells wide with periderm 
under formation. The fiber group was composed of 1-5 
rows of oells. fhe secondary phloem consisted of well 
defined sieve elements and other phloem components. The 
phloem fiber group (band) was developing in the secondary 
phloem. The fiber groups constituting- - - thie band were 
oomposed of 1-3 cells. Some partially collapsed secondary 
phloem sieve elements were also present. Thus there were 
2 fiber bands in all in this interaode. Cambial zone was 
composed of 6 rows of fibers. It was active. 
11.2 cm below tip. 18th internodet The periderm and 
the cortex were the same as in 23rd interaode. There 
were two secondary phloem fiber groups (bands) which were 
composed of 1..4 ^ 
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but still it was doubtful if cambium was active. 
Seedling No. 13. 70 days old. 
Morphologyi The length of the seedling was 40.4 cm. 
It contained 30 interaodes. there were 3 branches of 
these the lowest branch showed S internodes, and was 
8.2 cm long. The middle branch was 14 em long and had 
11 internodes. The top most branch had 9 internodes, 
and was 11 cm in length. 
Anatomy * 2.5 em below tip, 28th internodei Cross 
section showed the epidermis of single layer of small 
and squirish cells. The cortical zone was made up of 
5-8 rows of parenchyma cells, some of which showed dark 
deposits. Adjacent to the cortical zone were some 
primary fiber islands. 
3.5 om below tip* 27th internodei The epidermis was 
made up of squirish and flattened cells. The cortex 
was the same as in 28th internode. In this internode 
the primary fibers group formed almost a complete ring. 
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The gap8 were Bade up of a few larger parenchyma cells* 
The fiber lumen was found filled with some darkest 
chemical deposit. Some nonfibrous protophloem sieve 
elements were crushed* Some metaphloem siere elements 
were noticed* There was also a small amount of secondary 
phloem under development; it was difficult to Identify 
the sieve elements in it. The unlseriate and biseriate 
phloem rays were also noticed. The oambial zone was 
composed of 5-7 rows of cells* showing little sign of 
activity. 
11 cm below tip, 18th internodes Gross section showed 
epidermal cells flattened, and elongated in tangential 
direction. In some places the epidermis and portion 
of the periderm were being peeled off. The cortical 
zone was oomposed of 6-7 cells. Then comes the fiber 
band which had originated from the protophloem. most of 
which have been crushed. Then there were metaphloem and 
the secondary phloem. In the secondary phloem just out-
side the oambial zone, fairly thick walled fibers were 
under formation in some places. Some portion of the 
nonfibrous secondary phloem was also crushed. In the 
phloem some of the ray cells fan out. 
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were the same aa in the 7th internode. Here the groups 
of fibers were found isolated showing considerable gap 
between them. The first fiber band towards periphery 
was composed of 3-5 rows of cells. The rest of the 
groups showed 2-3 rows of fibers. The phloem parenchyma 
cells between the first and the second bands showed 
considerable thick walls. The phloem in between the 
second and the third fiber bands consisted of partially 
collapsed sieve elements. The phloem parenchyma cells 
of this region have some chemical inclusions. The 
phloem between the third and the fourth, and the fourth 
and fifth fiber bands was differentiated in the three 
elements, namely siere elements, companion cells, and 
the parenchyma cells. Chemical deposits were found in 
some ray parenchyma and phloem parenchyma cells. The 
cambial zone was 7-10 cell, thick. The cell on both 
sides of the cambium were not mature i.e. the radial walls 
were not rery thick. The general look of the cambial 
zone indicated that no more new oells were going to be 
out off. 
Seedling Mo. 14. 77 days old. 
Morphologyi The seedling was about 41.4 cm in length. 
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It consisted of 38 internodes. It had altogether ? 
fairly well grown branohen. 
Jtaatomyt 2,8 cm below tip, 34th Internodes gpidermis 
was composed of single cells. Periderm was formed and 
consisted of 4 rows of cells, 5he primary phloem fiber 
group (band) was made up of 1-6 oells. fhe rest of the 
phloem cells were similar to those of the other seedlings 
just below the tip* Gambia! sone was composed of 6 rows 
of oells; it seemed to be active. 
19*4 cm below tip, 18th internodei Epidermis and 
periderm were being peeled off. She cortex was also the 
same as in other lnternodee which had periderm. She 
second group (band) of fibers was not formed in this 
interaode. Cambial zone was composed of 5*6 rows) it 
was not active. 
28.8 cm below tip, 9th internodei Here also periderm 
was peeling off. There were 5 groups of phloem fiber 
bands. Along with the crushing of primary phloem against 
the fiber band, there were present some collapsed secondary 
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sieve elements. The secondary fiber groups were composed 
of 1-5 rows of cells. 
35.8 cm below tip, Bases Cross section of this region 
showed peeled epidermis and periderm. Cortex was same as 
in other internodes which had periderm. The groups of 
fiber band varied from 5-6. In between the two adjacent 
fiber groups towards periphery, some cells were found to 
be forming solerieds. The nonfibrous secondary phloem 
consisted of the elements, sieve tubes, companion cells, 
and phloem parenchyma. Cambium was not active. The 
oambial zone was composed of 12-14 rows of cells. 
Seedling Ho. 15. 80 days old* 
Morphologyi The seedling was 41.5 cm in length and 
contained 48 internodes. It had 6 branches of varying 
length. 
Anatomyi 13.6 cm below tip, 30th internodes Epidermis 
and periderm were being peeled off. This was the first 
internode so high up that showed two bands of fiber groups. 
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Camblal zone was composed of 7-8 rows of cells. The 
cambium did not seem to be active; cells on both sides 
had not undergone complete thickening. 
20*5 cm below tip, 22nd. internode? The epidermis, 
periderm and cortex had the same structure as in 30th 
internode* There were 3 bands of fiber groups. The 
first one which originated from primary phloem was 
composed of 1-8 cells. The remaining two secondary 
bands were slightly thinner and made up of 1-5 fibers. 
The rays were uniseriate to biseriate often fanning out 
towards periphery. In the portion occupied by nonfibrous 
phloem tissue* some cells were found forming into selerieds. 
31.5 cm below tip, 9th internodeJ Epidermis, periderm, 
and cortex were similar in structure as in the previous 
internodes. There were 5 fiber bands and the sixth one 
was developing in the phloem region just above the camblal 
zone. Some selerieds were being formed in between the 
adjacent fiber groups of the first band (towards periphery). 
Gambial zone was composed of 11-12 rows of cells. But 
the cambium appeared to be dormant. 
5.9 
39.8 em below tip, Basel The periderm and cortex 
were peeled off here also as in previous internodes. 
The number of cells in the groups of fibers of 
primary fiber band were fewer in each group. More 
over these groups were distinctly placed. There were 
one or two soleried like cells scattered in places in 
the gaps between groups of fibers. The secondary 
fiber bands were developing into 4 groups of cells. 
Cambial zone was composed of 14-15 rows of cells, but 
did not show activity. 
One side branch was studied at 3 levels. 
Tip regions Epidermis was composed of small squarish 
cells. Cortex was made up of 6-7 cells. Single primary 
phloem fiber band was next to the cortex, and was composed 
of 1-5 rows of cells. 
Middle region* Epidermis had flattened cells. Periderm 
ring consisted of 4 rows of cells. Both were peeling off. 
There were two phloem fiber bands. The first band was 
composed of 1-6 rows of cells. The secondary phloem 
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fiber band was however made up of 1-3 rows of cells. 
Cambial zone had 5 rows. Structure of the rays was the 
same as in other internodes. 
Bases This region showed a complete periderm ring, 
which wasfpefeled off. There were 4 phloem fiber bands. 
The first band towards outer side was composed of 1-4 
rows of cells. The secondary fiber bands were composed 
of 1-5 cells. The rest of the structure of secondary 
phloem was the same. Cambial zone was composed of 8-9 
rows of cells. Thus the side branch also had the same 
type of bark tissues and same type of pattern of bark 
formation as in the main shoot. 
Seedling No. 16. 82 days old. 
Morphology: The seedling was 60.2 cm in length. It 
consisted of 38 internodes. There were three main branches 
of different length, containing 16-19 internodes. 
AnatomyJ 1 cm below tip, 14 internodes Epidermis was 
composed of small squarish cells. Below epidermis phellogen 
was originating in localized areas, this tissue was spreading 
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laterally. A single fiber band was present* The orushed 
primary phloem, and a small amount of secondary phloem 
including uniseriate rays were similar in structure with 
the other internodes. Cambium consisted of 3*5 rows of 
cells. 
5.8 cm below tip, 35th internodei Epidermis had small, 
round* kidney shaped and barrel shaped cells. Phellogen 
was still developing below the epidermis. Cortex was 
composed of 5-6 rows of cells. The first phloem fiber 
band was developed) and consisted of 1-7 fibers. The 
rest of the structure showed no difference from other 
shoots at more or less same height. A small amount of 
nonfibrous secondary phloem had developed, and uniseriate 
and biseriate rays were present. 
10.8 cm below tip, 32nd internodei Epidermis consisted 
of barrel shaped, and flattened cells. It was peeling off 
along with the periderm. There were two phloem fiber 
groups Or bands. 
17.1 cm below tip, 28th internodei There was no change 
in periderm and cortex. Cambial zone was composed of 6-9 
cells. It was not active. 
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27.8 cm below tip, 21 internode. Epidermis had 
flattened cells. Here the third group of fibers were 
being developed in places. Cambial zone was composed 
of 7-8 cells* Cambium was dormant. 
31.8 cm below tip, 18th internodei The number of fiber 
bands was 3. The rest of the structure was same as in 
21st interaode (27.8 cm below tip). 
45.5 cm below tip, 7th intemodet Epidermis, periderm, 
and cortex were same as in other internodes above. The 
number of fiber bands had reached to 5. The crushed 
secondary sieve elements were observed in between the 
bands except the 6th band from the periphery. Cambial 
zone was composed of 8-14 rows of cells. Cambium was 
inactive. 
52.7 cm below tip, Bases Epidermis, periderm, and 
cortex were the same as in above internodes. The primary 
fiber band consisted of distantly placed fiber groups, 
which were composed of 1*5 rows of cells, soleried like 
cells were developed in between the fiber gaps of the 
first band. The number of fiber bands was 5. The rays 
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were uniseriate and biseriate. The oambial zone was 
composed of 11-12 rows of cells. It was inactive. The 
rest of the structure of secondary phloem was same as at 
a distance of 45.5 om below tip (7th internode). 
Seedling Ho. 17. 89 days old* 
Morphology* The seedling was 68,.--em in length. The 
external morphology of this seedliag was very similar to 
seedling Ho. 15. There were 7 side branches. The leaves 
and spines on the side branches showed no difference from 
those on the main shoot of the seedling. The main shoot 
contained 41 intemodee. 
Anatomyt 3 cm below tip, 39th internode! The cross 
section of the internode showed a unicellulur epidermis. 
Three types of epidermal cells have been noticed, squarish, 
rounded, pointed outwards, and tangent!ally elongated. 
Cortical region was composed of 5-8 rows of oval and 
rounded parenchyma oells, having intercellular spaces. 
The cells of outer rows were larger in size than the inner 
cells. The fiber band present adjacent to inner most 
cortical layer had very little gap, which can be called 
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a single gap. This band was composed of 2-10 rows of 
fibers. The lumen of these fibers had some chemical 
deposits* Kezt to the fiber band was the primary non-
fibrous phloem. The orushing of protophloem sieTe elements 
was not distinct. Small amount of secondary phloem had 
also developed, Uniseriate rays were found Grossing the 
eamblal zone. The oambial zone was composed of 2-5 rows 
of eelle. 
6.3 em below tip, 35th internodet Two types of epidermal 
cells were noticed at this distance, both squarish and 
rounded. Phellogen tissue was developing in 4 localized 
areas below the epidermis. It was oomposed of 2 rows of 
cells. The cortical zone consisted of 4-6 rows of cells. 
The rest of the structure of the cortex was not very much 
different. The primary phloem fiber band had many gaps 
as many as 11. At some places it was composed of 2 rows 
of cells, at other places it had 5 cells in a row. The 
crushed primary phloem was noticed adjacent to the fiber 
band. Secondary phloem had also been developed. Here the 
seriatlon of the rays was a bit different as there were 
both uniseriate and Mseriate type. Oambial zone was 
oomposed of 5-6 rows of cells. It was inactive. 
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16*8 on below tip, 25th internodei The changed shape 
of epidermal cells was noticed at this distance, almost 
flattened cells constituted to the unicellular epidermal 
layer. The periderm was completely surrounding the stem, 
and the unicellular epidermis and a few cork layers (1-2) 
were peeled off at places. The oortloal zone was adjacent^ 
the last periderm layer, jt oonslsted of 4-6 rows of cells. 
Then came the fiber hand which showed fiber groups, which 
had the maximum number of fiber cells as 10 and minimum 
as 1. The early stages of secondary phloem fiber groups 
were recorded at this distance. So that in all there were 
two fiber bands,haying fiber groups in two rows. The 
groups of fibers of secondary phloem were made up of 2-3 
cells. These fibers were triangular to pentangular In 
shape, and were compactly arranged without any intezv 
oeoullar spaces. Some parenchymatous cells in between 
the fiber groups of the primary band showed very thick 
wall, indicating their transformation to sclerieds. 
Uniseriate and biseriate phloem rays were crossing the 
oamblal sone. They become fan shaped in the secondary 
phloem. After crossing a short distance, as mentioned 
earlier, some ray cells, and phloem parenchyma showed 
dark stain due to presence of some chemical deposits. 
The oamblal zone was composed of 3*6 rows of cells. Ho 
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new cells were being out off from the camblal zone* The 
general look was that growth had atoped. 
39*6 cm below tip, 20th internodes The shape of the 
epidermal oells was not different* The epidermis and 
periderm both were peeled off* The cortical zone also 
showed similarity, with the abore internode. Some of the 
cortical oells were filled with dark oheaical deposits. 
There were altogether 3 fiber bands. The latest band 
showed in some places, no gaps at all. On one side of 
the bark, there was no development of the 3rd fiber band. 
As regards the nonflbrous secondary phloem a few crushed 
siere elements were noticed. The oamblal zone was 4*6 
cells thick, showing little sign of activity. 
48.4 em below tip, 14th internodes The condition of 
epidermis and periderm was the same as in 20th internode. 
The cortloal zone was made up of 5 oells* The cells of 
the cortex were flattened tangentlally and were filled 
with chemical deposits. 3 Secondary phloem fiber bands 
in addition to the one primary band were noticed. As far 
as the nonfibrous secondary phloem is concerned, some of 
the sieve elements were crushed between the first and 
second fiber bands towards periphery. There was no 
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difference of importance in the rays, and in the rest 
of the structure of fiber hands and secondary phloem. 
The cambial zone was composed of 4*5 rows of cells. The 
oambial activity had almost stoped. 
54.6 cm below tip, 9th internodet The epidermis» 
cortex, periderm* and primary fiber band showed more or 
less same anatomical features as in the 14th internode. 
As stated earlier the primary nonfibrous cells in between 
the two fiber bands towards the outer region of the stem 
had almost crushed. Sign of orushing elere elements of 
nonfibrous secondary phloem were also found in between 
the+seoond and third bands. (+ fiber bands were counted 
from outer towards the inner side). The phloem rays 
were also similar to those of the above internodes. The 
oambial zone was composed of 3*6 cells. It was inactive. 
61.4 cm below tip, Base regions The cross section of 
the base region showed the same character of epidermis, 
periderm, cortex and primary fiber band. The cortical 
cells were flattened in tangential direction, and had 
ohemioal deposits in them. Some soleried being formed 
in between the fiber groups of the primary band. They 
were elongated tangent!ally in cross section. The number 
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of fiber bands produced by the secondary phloem was 5. 
In all there were 6 bands* The crushed nonfibrous 
secondary phloem siere elements were present in between 
the first and second, and second and third bands. The 
phloem portion between the third and the fourth bands 
had also a few collapsed secondary siere elements. 
Parenchyma cells showed some darkish inclusions. Here 
also some ray cells had taken dark stain, showing presence 
of chemical deposits. The phloem portion next to the 
oambial zone had the fiber groups, which showed unlignified 
fiber initial cells. These groups indicated the origin 
of the 6th fiber band in the nonfibrous secondary phloem. 
The oambial zone had 6*9 rows of oells. The oambial 
activity could not be determined. 
The cross section of side branch taken out from 
tipt middle, and base portion, showed the same structure 
and pattern of bark development as in the main stem of 
the seedling. 
Seedling Mo. 18. 123 days old. 
Morphology! The eeedling was about 56..'--em in length. 
It contained 58 internodea. The rest of the morphology 
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was very similar to seedling No. 16. 
Anatomy* Tip region - below tipt Cross section showed, 
the unicellular epidermal layer composed of small squarish 
and tangentially elongated cello. Fhellogen tissue was 
developing in 4 looallzed areas below the epidermis. 
Oortex consisted of 5-6 rows of cells* the outer rows 
had larger cells. There was a single fiber band which 
had 6 gaps. It was oomposed of 1-7 rows of fibers. The 
crushed primary phloem occupied the same position, as in 
other seedlings, at the same length. A small amount of 
nonflbrous secondary phloem had also formed. Only uniseriate 
rays were noticed. The cambium was inactive. It was 
oomposed of 2*3 rows of cells. 
9.9 cm below tip, 40th internodes The epidermis had 
flattened cells. Periderm was present. The anatomy of 
periderm was not different. Both epidermis and periderm 
were peeled off. Thus in this seedling the formation 
and peeling of the epidermis and periderm were noticed. 
Periderm was made up of B rectangular cells. Lenticele were 
also observed. Next to the periderm was the cortex, and 
then primary phloem fiber band which had 13 prominent 
gaps. Thus the number of gaps were more than in the tip 
70 
region* The fiber groups constituting the band were made 
up of 1-3 rows of cells. Some thiok walled oells were 
also reported in the cortex, thus soleried formation had 
started at 9.9 em below tip region. Besides this there 
was developing one secondary phloem fiber band • In all 
there were two. A few nonfibrous secondary phloem si ere 
elements had crushed between first and second bands. The 
phloem rays were uniseriate, some of the rays were fanning 
out. The oamblal zone was composed of 3*4 cells. Its 
activity had almost stopped. 
17.9 cm below tip, 32nd internodet The epidermis had 
flattened cells. Periderm consisted of 5 oells. Both 
epidermis and periderm were peeling off at plaoes. Cortex 
was not different from 40th internode* The primary phloem 
fiber band was composed of 1*11 rows of cells, with well 
defined gaps. There were 22 gaps. The number of secondary 
phloem fiber band was same as in above Internode. In one 
region of the secondary phloem there was no development of 
secondary fiber bands, only primary band was present. The 
crushing of secondary phloem sieve elements between first 
and second bands was noticed here also. Uniseriate and 
biseriate phi03m rays were present, which had fanned out 
in the secondary phloem. The cambium was made of 4*8 rows. 
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The oambial activity had stopped. 
27.7 ozn below t ip , 22nd intern ode J The epidermis and 
periderm were same as in 32nd internodet they were peeling 
off. 27 gaps were found in the primary phloem fiber hand. 
There were two secondary phloem fiber bands, in a l l there 
were three bands* The f irst one towards periphery was 
composed of 1-7 rows of c e l l s . She other secondary phloem 
fiber bands were made up of 1*6 rows of f ibers. The 
primary^phloem was crushed in the similar way as in the 
other interaodes. There was also one region in the phloem, 
where there was no secondary phloem fiber formation. Along 
with the crushed sieve elements between f irs t and second 
bands, there were a few partially collapsed sieve elements 
between second and third bands. Hays were uniseriate and 
biseriate. The oambial sons was composed of 8*9 rows of 
c e l l s . The camblal activity had stopped. 
42.5 cm below t ip . 5th Internodet Epidermis, periderm, 
and cortex were the same as in the 22nd internode (27.7 cm 
below t i p ) . The primary phloem fiber band was also not 
different from 22nd internode. Crushed primary phloemC^-^Ueis. 
had also occupied the same position. There were six 
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secondary phloem fiber bands, in all there were 7 bands. 
The groups of the fibers of the first band were distantly 
placed, with well defined gaps. At places uniseriate rows 
of thick walled solcrieds like cells were present In the 
oortioal zone, these appeared to be dereloping solerieds. 
the nonfibrous secondary phloem showed crushed sieve 
elements between*first and second, second and third, and 
third and fourth fiber bands* Rest of the phloem tissue 
showed normal phloem components. 3 types of phloem rays 
were reported here, uniseriate, biseriate, and triseriate, 
they were fanning out in the secondary phloem, the oambial 
zone was composed of 8-9 rows of cells. It was dormant. 
•50,6 om below tip, Bases Epidermis and periderm were 
same as in the other lnternodes. the cortical cells had 
chemical deposits, the groups of primary phloem fiber 
band were composed of a few of fibers, as compared to the 
groups present at a distance of 27.7 om below tip (22nd 
internode) and 42.5 om below tip (5th internode). Moreover 
these groups were more distantly placed, and the parenchyma-
tous gaps were larger than In other lnternodes. these 
groups had 1-4 rows of fibers, there were 7 secondary 
*Votet the fiber bands were counted from periphery 
towards center. 
•lotet the lnternodes were counted from tip to base. 
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phloem fiber bands under development. The secondary phloem 
fiber bands were composed of 1*7 rows of fibers* In non-
fibrous secondary phloem, the crushed sieve elements were 
present between first and second, second and third, third 
and fourth, and fourth and fifth fiber bands* fhe serlation 
of the rays was a bit different from the above internode, 
as there were present, uniseriate, biseriate* triseriate 
and multiseriate rays. They fanned out in the secondary 
phloem* She cambial zone was composed of 11-12 rows of 
oells. She cambial activity had stopped* The mature 
rectangular cells were present on either sides of the 
cambial zone. 
Seedling Ho* 19* 129 days old* 
MorphologyJ The seedling was 42*1 cm in length* It 
contained 35 internodea and IS branches. 
Anatomyi Tip region, 35th internode! In cross seotion 
it showed uniseriate epidermal layer, composed of very 
small squarish and flattened cells* Phellogen was noticed, 
in localised areas below the epidermis* Cortex was composed 
of 6-7 rows of cells, at places it showed 10 rows of cells. 
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The outer portion had large cells, while the inner was 
made up of small cells. She fiber band was almost oomplete 
round the stem with a narrow gap of parenchyma cells at 
one place. The maximum thickness of the band was 10 
cells. Primary nonflbrous cells were noticed crushed 
on the inner side of the fiber band. A small amount of 
secondary phloem had also been produced. Uniseriate and 
blseriate rays were present. The eamblal zone was composed 
of 2-4 cellst it was inactive. 
12.4 cm below tip, 20th intemodst Epidermis and periderm 
were being peeled off. Periderm was composed of 5 rows 
of cells. The cortical zone was narrow and had some 
chemioal deposits. The first fiber band was not complete, 
and had more than one gap. The fiber lumen was very narrow 
f. ffeese c t f l s * 
indicating- ----maturity©fy Some fibers contained dark deposits. 
The rate of development of fiber groups was different on 
different radii . On one radius there was a single group indi-
cating their origin from primary phloem while on the other 
radii, there could be more than one group. Thus showing the 
activity of the seoondary phloem. The maximum number of 
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fiber bands was noticed to be 4. Along with the crushed 
primary phloem, a few secondary phloem sieve elements had 
also partially collapsed. The phloem rays were similar 
to the proceeding internode. The eambial zone was composed 
of 4-6 rows of cells. The eambial activity had stopped. 
19*4 cm below tip, 14th internodei Both epidermis and 
periderm showed peeling character as in the above internode. 
Cortex was also similar to the 20th internode. The primary 
phloem fiber band also showed the same type of parenchyma-
tous gaps. A few cortical cells adjacent to the gap in 
between fiber groups showed unusual thickness in their 
wall. They represent the early stage in development of 
sclerieds. All the sieve elements of the primary phloem 
were crushed. So was the case with a few sieve elements 
from the secondary phloem. The nonfibrous secondary 
phloem between the second and the third fiber groups (bands) 
consisted of crushed and partially collapsed sieve elements. 
The phloem portion between fourth and fifth fiber group (band) 
appeared to be still active. The anatomy of phloem rays 
was not different from top internodes. The eambial zone 
was composed of 2-7 rows of oells. The eambial activity 
had stopped. 
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26*4 OB below tip, 7th internode* The anatomy of 
epidermis and periderm was the same as In the 14th internode. 
The cortloal cells were filled with chemical deposits. 
The anatomy of the first fiber band was also same as in 
the 14th internode (19.4 om below tip). Like 14th inter-
node there were indication of the formation of selerieds. 
The fiber groups (bands) on different radii varied from 
6-7. The crushed siere elements of nonfibrous secondary 
phloem were present between first and second, second and 
third, and third and fourth fiber bands. Such crushed 
sieve elements were also noticed between fourth and fifth 
and fifth and sixth fiber bands* The nonfibrous phloem 
tissue between the sixth and seventh appeared to be active. 
The seventh group (band) of fibers (Next to eambial zone) 
showed some immature fibers. The phloem rays showed no 
difference from those of the top internodea, they were 
uniseriate and biseriate. The eambial zone was composed 
of 7-8 cells. Apparently growth activity had stopped. 
31.2 om below tip, 4th internodei There was no difference 
in the anatomical structure of epidermis, periderm, oortex, 
primary and secondary phloem from the Internode given above. 
But the phloem rays were uniseriate, bisertate, triseriate, 
and multiseriate, as found at the base region of seedling 
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Ho. 18 (50.6 cm below tip). The oamblal stone was composed 
of 4-8 rows of cells. Cambium was lnactire. 
39*9 eat below tip, Basel Epidermis and periderm were 
being peeled off* The anatomy of cortex and primary 
phloem fiber band also resembled with the one present in 
the 4thv 7th and 14th internodes. The primary phloem had 
completely crushed against the primary fiber band. Besides 
this band there were 7 other bands In the form of groups 
of cells arranged In 7 rings, She siere elements and 
companion cells from the nonfibrous secondary phloem were 
crushed between first and seoond, second and third bands. 
She secondary slere elements between third and fourth 
fiber band had some partially collapsed slere elements. 
Such slere elements were also risible between fourth and 
fifth, and fifth and sixth fiber groups (bands) also. 
The nonfibrous phloem tissue between sixth and seventh, 
and seventh and eight bands was still aetlre and well 
defined. The eight fiber band was still under development, 
showing Immature fibers groups next to the oamblal zone. 
The anatomy of the rays was similar to the rays in the 
above internode* The oamblal activity had stopped. 
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Seedling Ho. 20. 365 days old. 
Morphologyi It was not studied like the previously 
described seedlings. A side branch was investigated 
which was at a distance of 26 cm from base. The branch 
started growing on 21st Aug., 1966, and its length was 
33 cm at the end of the extension growth in November,1966. 
It started growing once again in March* 1967 and grew 
upto early June a length of 7,2 cm. The second flesh of 
extension growth started in July, 1967 and material was 
collected on 21.8.196? when its length was 7 cm. 
X branch of seedling Wo. 20. 365 days old. 
r* J 
Morphologyt The branch was 33.2 cm in length. The 
stem was not different from those of other seedlings of 
same age. Only conspicuous tissues were lentloels. The 
shoot was dark brown in oolour, and showed peeling of the 
bark. The shoot also did not showed thick diameter. 
Anatomyt 33 cm from the base* 25th internodet The cross 
section showed flattened celled epidermis and a complete 
and mature periderm ring. Both of these were peeling off. 
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Periderm was composed of 5 rows of rectangular cells; 
the phellogen contained 1-2 rows of cells and phellum 
3 rows. The phellum cells were thick walled. The 
cortex was made up of 5-6 rows of oellB. Adjacent to 
the cortex, the fiber band occupied the position. Both 
the cortex and the fiber band showed no difference from 
the shoots of the same age. The greater portion of the 
last year's nonfibrous phloem were crushed. The rays were 
well developed but still uniseriate. The camblal zone 
was composed of 5-6 cells. 
18 cm from base, Middle portion, 12th internodet 
Epidermis, periderm and cortex showed no difference from 
the tip portion. Most of the secondary sieve elements 
from the nonfibrous phloem were crushed. Here two more 
fiber patches (bands) were developing. The nonfibrous 
phloem next to the oambial zone were seen differentiating 
into, sieve elements, companion cells, and phloem 
Hotel (A) denotes shoot grown in August, 1966 and cut 
in July, 1967. 
(B) denotes shoot grown in March, 1967 and out 
in June, 1967. 
(0) denotes shoot grown in July, 1967 and cut 
in July, 1967. 
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parenchyma. The rays showed little difference from 
those of the previous shoots. The cambial zone was 
composed of 5 cells* 
Base region of the branch, 1st internodes Periderm 
had well defined lentioels. The first group (hand) of 
fiber was composed of 5-7 cells on some radii, while 
on others there were only 3 cells. Some sclerieds had 
also developed in between the fiber patches of the primary 
fiber band. In this region there was an addition of one 
more phloem fiber band. All the alternate bands of 
sieve tubes, companion cells, appeared to have been 
completely crushed. The rays in the phloem were develop-
ing gradually.Only a few were biseriate. The process of 
fanning out had started* The cambial zone was composed 
of 2-6 cells, which appeared to be active. 
X Branch of seedling No. 20. 
Internodes developed during the 1st flash of 1967. 
Morphologyi The branch was 7.2 cm in length. It was 
dark brown in colour. Small lenticels were present on the 
surfaoe of the shoot. 
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Anatomyt 6th internode from the base of the 1st flush-
(Tip region). 
The structure including epidermis and periderm ring werebel* 
peeled off at places. The periderm was composed of 5 rows 
of cells. Then came the cortex consisting of 4-5 cells. 
The primary phloem fiber band was present. Ho secondary 
fiber band was developed* However the nonfibrous secondary 
phloem were clearly visible. So were thw rays. Camblal 
zone was composed of 4-5 cells, none of which seemed to 
be active. 
3rd internode from the base of 1st flesh(Middle region). 
The epidermis was composed of flattened cells. 
The epidermis and periderm both were peeled off. The 
periderm contained 4-5 rows of reetangular cells. Cortex 
showed no peculiar structure. The rays were Aniseriate 
and they were fanning out in the secondary phloem. 
1st internode from base of the 1st flush (Base region). 
There were altogether three fiber bands. The 
primary nonfibrous phloem had crushed. Cambial zone 
consisted of 4-5 cells. 
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X Branch of seedling Ho. 20. 
Morphologys fhe newly formed branch was 7 cm In length. 
Anatomyi It was soft and green, and rest of the 
morphology was similar to the early formed shoots. 
7th internode from the base of the Ilnd flush. 
Epidermal cells were barrel shaped. The cortex was 
made up of 5 oval shaped cells. Adjacent to the inner 
most cortical layer was a fiber band, with narrow gaps. 
Honfibrous primary phloem occupied the spaoe below the 
fiber band. Some of the primary phloem sieve elements 
had crushed. The secondary phloem sieve elements and 
companion cells were distinguishable. A few uniseriate 
phloem rays were also visible. 
4th Internode from the base of the XInd flush(Middle portion). 
Little difference from the internode described above. 
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1st internode of Ilnd flush (Base) 
The cortex was composed of 6-7 rows of cells* A 
phellogen layer was developing below the epidermis, around 
the whole circumference with a single gap* A more or less 
complete fiber band was present. Many uniseriate rays were 
-risible* A small amount of nonfibrous secondary phloem 
had developed* Cambial zone consisted of 3-4 oells* 
Main stem of the Seedling No. 20* 365 days old. 
Morphology! The main stem of the seedling was larger 
in diameter than the X side branch, which was Investigated 
in detail* The general morphology showed small spines, 
and dark brown bark. The lenticels could be very easily 
seen externally* 
Anatomy! Cross section showed a complete periderm ring, 
which was peeled off at places along with the epidermis. 
The periderm where it was not peeling off was composed of 
5-8 rows of cells. The cortex was filled with thick 
chemical deposits. Adjacent to the cortex was the region 
consisting <*f thick walled solerieds, and primary phloem-friers 
(frA • 29). The nonfibrous primary phloem had crushed completely. 
Pig. 28(a)* Photograph of seedling No. 20, 
365 day old. Bote the branch X. 
Fig* 29(a) Cross section of seedling No. 20 at 
the base* 365 days old showing peeling 
off of epidermis, along with periderm 
at some places. Note thick chemical 
deposits in the cortex, thick walled 
selerleds and primary phloem fibers. 
7 fiber bands! 
* i « . 29^ t <u Cross section, of 365 d«r old - . ^ , 4 
*»se snowing peelin* %% t^J?!0*}* a t 
contents In di f?JrS* £f J 5 •Pi<*e**iBf eheaical the bark. a i I l e r e » * tissues and ce l l s of 
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There were 6-8 rows of fiber groups (bands) in all. These 
bands alternated with the bands of crushed nonfibrous 
primary and secondary phloem. Almost all the nonfibrous 
last year's phloem which alternated with fiber bands had 
crushed. Some of the partially collapsed sieve elements 
were visible. The phloem region next to the cambial zone 
was the functional phloem in which the sieve elements, 
companion cells, and phloem parenchyma cells were clearly 
located. The phloem rays, were uniseriate, biseriate, 
triseriate and multiseriate. The cambial zone was composed 
of 4-8 rows of cells. The cambial activity had stoppedX?ig.29). 
The following seedlings were compared with mature shoots. 
8 days old seedling 
15 ,, ,, ,, 
45 ,, ,, ,, 
69 tt tt tt 
82 ,, ,, >, 
123 »t tt tt 
365 ,, ,, t» 
2 years and 2 months old seedling 
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Seedling No. 21. 
2 years and 2 months old 
Seed germinated on 31.7 ,€6 . 
Sectioned on 9 .9 .68 , 
Morphology* The seedling was <jz cm i n length. I t was 
woody and profusely branched. 
Anatomyt Epidermis and the f i r s t periderm were peeling off. 
Periderm contained 10-16 rows of c e l l s at some places . 
Gummosis had started i n the cork c e l l s . Cortex consisted of 
4-6 rows of c e l l s , next to the cortex was the sc ler ied band. 
Bes ide ; th i s band^there were 8 more f iber bands,7 of these 
hands were produced from August 1966 - February 1967. The 
8th one next to the cambial zone was from March, 1967 -
9th September, 1968. These observations confirm that only 
one f iber band was produced in the second year of the 
seedl ing. 
At t h i s stage, there are some wel l defined zones in 
the bark. Almost a l l the s ieve elements of the secondary 
phloem have been completely crushed. The secondary phloem 
parenchyma was not crushed and can be seen c l ear ly . The 
la ter row alternate with bands of f ibre group, the phloem 
rays were now uni-mult i ser iate , occasionally fanning out 
towards the periphery. The cambium seems to be s t i l l act ive , 
containing 7-14 c e l l s in the cambial zone(Pig 29b) 

Pig. 29b. Cross section of the base region of 
2 years and 2 months old seedling showing 
peeling off of f irs t periderm and 9 fiber 
bands* The fiber band next to the oambial 
zone i s produced in the second year of the 
seedling* Vote bending of rays and bands 
of crushed secondary phloem sieve element (PP)> parenohyma (P), and multiseriate rays(R). 
jfnlSPPSh 
9 f ibe r "bands! 
NS$!7 
2 years and 2 months old seedling showing 
pesling off of first periderm and 9 fiber 
bands. The band next to oambial sons is 
formed in the second year of the seedling* 
Note multiseriate rays. They bend similar 
to the Fig. 46 of two year old mature shoot• 
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Shoots FROM MATtJRE TREE 
The details of collection, of shoots have been 
given in the method of study and will not therefore he 
repeated here. In order to save space in the thesis I 
have condensed the results as shown below. 
The structure and development of bark of the 
following shoots was compared with the seedlings of more 
or less same age. These shoots were grouped as follows* 
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Morphology: 8 days - 15 days. 
5 Shoots of varying age from 8 days to 15 days were 
collected. They showed variation in length, the shortest 
was 2 cm while the longest was 8 cm. The newly formed 
parts, i.e. stem, leaves and stlpular spines were soft to 
very soft. 
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Most of these shoots grew from axillarly buds, 
which started growing during the last week of February. 
They were colleoted in February and March. The bark in 
8 days old shoot was examined and details are given below 
(Material collected on 28.2.1966). 
Anatomys Cross section of 8 days old shoot taken from 
one region showed, epidermis which was composed of rounded 
cells, some of these cells were squarish but the rest were 
rectangular. Cortex was made up of 11-12 layers of paren-
chymatous cells. The cells of the outer rows were larger. 
Fiber band consisted of fiber initials not yet llgnified. 
The band contained 6-7 layers of cells. Honfibrous primary 
phloem consisted of protophloem sieve elements. They were 
not crushed. Some of the sieve elements could be detected 
without difficulty. Unlseriate rays were present. Cambial 
zone was made up of 3-4 rows of oells. 
15 - 16 days 
Collection Ho. 60 (oollected on 6.3.1966) 
Length 11.4 cm. 
4 cm below t i p , 5th internodet Epidermis consisted of 
small squarish, rounded, and elongated o e l l s . 2-3 rows 
of phellogen were v i s i b l e in local ized places below the 
M 
epidermis, cortex had 7-12 rows of oellsj the outer cells 
being larger in some regions. There was a single primary 
fiber band with gaps, which had 2-7 rows of fiber cells. 
The primary phloem siere element had crushed against the 
fiber band. A few secondary phloem siere elements were 
produced. Phloem rays were uni seriate, eambial zone had 
3-4 rows of cells, it was aetire. 
10.2 cm below tip, Base, 1st internodet Epidermis 
consisted of small triangular, rounded, elongated, and 
flattened cells. Fhellogen tissue was subepidermal here 
also, there were 2-3 rows developing in looalized spaces, 
spreading laterally (Hgs. 30-34)• It had occupied greater 
part of the circumference, box like cells are arranged in 
series; in radial direction, which are not clearly differentiated 
into phelium and phellogen as in mature shoote( Fig.36). Dividing 
phellogen cells are located in some areas while other 
areas show no division (Pig. 35). Cortex was made up of 
7-12 rowa of cells. She cells of the outer rows were 
larger. A single band with gaps was made up of 1-6 ROWS of 
cells. The nonfibrous primary phloem were same as above. 
Small groups of fibers were developing in the secondary 
phloem. So that there were two fiber bands in all at the 
base of 15 days old shoot. Monfibrous secondary phloem 
Note* In other shoots two secondary phloem fiber 
bands are formed in 16 days. 
Fig. 30. Drawing showing structure of epidermis 
and cortex before initiation of phellogen 
in snoot Ho. 60 of mature tree. 
Fig. 31. The same as above showing initiation of 
phellogen at sub-epidermal position. 
Fig. 32. Same as above. ITote division of cells 
during the formation of phellogen. 
Fig. 33. The same as above showing an advanced 
stage of phellogen formation. 
P E R I D E R M FORMATION 
Fig. 34. Photomicrograph of shoot No. 60 of 
nature tree showing first periclinal 
division in the formation of phellogen. 
rat pwrtoliaal diriou 
* < K * : . 
shoot Ic. 60 of mature t*ae« 
Pig* 36. Drawing showing the progress of formation 
of phellogen at the base of shoot No. 60 
of mature tree. Note radial arrangement 
of the newly formed periderm cells in 
which clear distinction of phellum and 
phellogen is not possible. Note also (A) 
where no phellogen has yet been formed. 
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Fig. 35. Drawing of cross Beetion of shoot Ho* 60 
from Mature tree at the base showing adranced 
stag* of phellogen act iv i ty . 
Fig. 36# Photomicrograph of the cross section of 
the shoot Ho. 60 at the hase showing multiple 
division of pheilogen tissue. 
•Y\5». 
fl^.' 36. Photomicrograph of the sane shoot at a 
different place shoving multiple division 
of the phellogen tissue. 
69 
had also developed, in which sieve elements and companion 
cells were clearly differentiated and large parenchyma 
cells were also located. Phloem rays were uniseriate. 
Cambial zone was made of 4-7 rows* 
36 days 
Collection Ho. 61. (Collected on 25.3.1966 
tagged on 20.2.1966). 
15 cm. 
35-45 days old shoots varied from 8-13 cm in 
length A\SQv#.variation was also observed between 13 and 
16 cm. The stipular spines were a bit harder than in 
the 8 day8 old shoots, where the spines were large and 
very soft. The rest of the morphological structure 
resembled the other seedlings and shoots of the same age. 
Anatomyi 5.9 cm below tip, 7th internodei The epidermis 
contained small, rounded, squarish rectangular and elongated 
cells. Periderm was represented by 2-3 rows of phellogen 
cells in localized areas below the ruptured epidermis 
spreading laterally. Oortex was made up of 6-8 rows of 
cells. The cells of the outer rows were larger. A 
single primary phloem fiber band with 2-5 rows of fibersoo_s/^ ej 
"There were 3 gaps in the fiber band. Of the nonfibrous 
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primary phloem most of the sieve elements were crushed 
against the fiber band* Large phloem parenchyma cells 
were also visible* A small amount of nonfibrous secondary 
phloem had developed next to the oamblal zone. The 
uniseriate* biseriate and triseriate phloem rays were 
present* Oamblal zone consisted of 5-6 rows* it appeared 
active. 
13*8 cm below tip, Base, 1st interaodes The epidermis 
was made up of small, triangular, rounded* and rectangular 
cells* At places these cells had chemical deposits* 
Periderm was differentiated Into phellum and phellogen 
cells. It was a complete ring, and consisted of 4-6 rows 
of cells* The cortical zone showed 8-14 rows of paren-
chyma cells, the outer cells were larger* There was a 
single primary phloem fiber band with 11 well defined 
gaps* and was composed of 1-8 rows of mature fiber cells* 
Almost all the nonfibrous primary phloem had crushed 
against the fiber band* Small groups of fibers were 
visible in the secondary phloem next to the oamblal zone, 
constituting -the second band* The nonfibrous secondary 
phloem contained well defined sieve elements and large 
phloem parenchyma cells* Companion cells were also 
located at places,a few crushed sieve elements were located, 
Notet 2-3 Secondary phloem fiber band were also reported 
in other shoots which were 36-45 days old. 
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There were uniseriate, biseriate. and triseriate phloem 
rays* The camblal zone was made up of 5-6 rows of cells, 
it was active* 
67 days 
Collection Ho. 70. (Collected on 13.5*1966) 
Taged on 6.3*1966 
Length 28*5 cm* 
Morphology! This shoot was 28.5 cm in length* It was 
more woody and hard than the 40 days old shoots* The 
general morphology was similar to the other grewing 
shoots of the same age* There were present scattered 
brownish patches on the green stem* They were developed 
due to the early formation of periderm* The darkening 
of green shoot started from base towards tip* 
Anatomy* 6.6 cm below tip, 13th lnternodet The cross 
section of 13th internode showed\the/first\-epidermal layer, 
which contained, small squirieh, rounded and pentangular 
cells* Periderm was not yet developed* Cortex was made 
up of 6-7 rows of parenchymatous cells, the outer rows 
had larger cells. Fibrous primary phloem consisted of 
a single mature phloem fiber band, made up of 1-5 rows 
of fiber cells. There were no gaps. Nonfibrous primary 
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phloem had crushed protophloem sieve elements* Large 
phloem parenchyma oells were also noticed. Secondary 
phloem fibers were not yet developed in this intemode. 
but a small amount of nonfibrous seoondary phloem was 
present. Phloem rays were uniseriate, biseriate and 
triseriate. Oasbial zone was made up of 4-7 rows of 
cells. It was not active. 
14.6 em below tip. 9th internodei Epidermis showed 
small squarish, rounded, pentangular, triangular, irregular 
and barrel shaped cells. Phellogen was developing in one 
localized area below the epidermis* it was made up of 
2-3 rows of rectangular cells. Cortex contained 6-8 
rows of cells. As regards the fibrous primary phloem, there 
was a single primary phloem fiber band with 4 gaps. It 
was made up of 2-€ rows. Sonfibrous primary phloem 
contained most of the crushed sieve elements. Large 
phloem parenchyma cells were visible. There were no 
secondary phloem fibers at this stage, but a few sieve 
elements had developed. She phloem rays were uniseriate, 
hiseriate and triseriate, they were fanning out. Camblal 
zone was made up of 2-5 cells. It was inactive. 
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27.6 em below tip. Base, 1st internodes Epidermis was 
made up of small squirlsh and flattened cells* It was 
peeling off at plaoes. Periderm consisted of 2-3 rows 
of phellogen cells, which were spreading laterally below 
the epidermis. Cortex was made up of 8-10 rows of 
parenchyma cells. The fibrous primary phloem was a ring 
of fiber groups (patches) constituting—--a single band. 
These groups or fiber patches were separated from each 
other due to presence of parenchymatous gaps between 
them. There were 30 gaps. These patches were made up 
of 1*5 rows of fibers. The crushed primary phloem was 
present against the fiber band. Large phloem parenchyma 
cells were also located. 3-4 bands of secondary phloem 
fibers were developing. In all there were 5 bands. A 
few sieve elements of nonfibrous secondary phloem had 
partially collapsed. The rest of it was differentiated 
into sieve elements, companion cells, and phloem parenchyma 
cells. Uniseriate, biseriate and triseriate phloem rays 
were present, which had fanned out, after crossing a 
short phloem region next to the cambial zone. Thus at 
this stage the rays near periphery, started diTlation by 
cutting off new cells and giving it a structure of inverted 
cone. In this way there was established a well defined 
horizontal system of parenchymatous cells, composed of 
phloem rays, and vertical parenchyma of nonfibrous phloem 
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tissues. The eambial zone was made up of 3-8 rows. It 
was inactive. In this case advantage was taken of the 
availability of last year's shoot just below the base 
of the current years, then cut it showed a complete 
periderm ring. She other tissues seen were, 5*6 rows 
of cortex next to the periderm. The number of rows of 
cortical cells varied in different shoots. Next to the 
cortex was the primary fiber band, and on the inner side 
of the fiber band was the last year's crushed primary 
and secondary phloem. Phloem parenchyma cells were clearly 
visible in the crushed phloem. The phloem rays became 
much wider as compared to the base of the current year's 
shoots. Another collection (shoot) No. 71 was of the 
same age. Anatomloal study showed only minor differences. 
Speaking generally the structure of this shoot was more 
or less the same as in shoot No. 70. 
85 days 
Collection No. 77 (Collected on 31.5.1966) 
Tagged on 6.3.1966 
Length 40 cm. 
Morphologyt The general morphology of the shoot did 
not differ^ from the shoots of the same age with the only 
difference#«£the stipular spines were harder, and the shoot 
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had became more woody. The colour of the bark was 
changed---to waa dark brown* 
Anatomyt ,3 cm below t i p , 15th Internodei Cross sect ion 
of 6th intemode showed, a uniseriate epidermal layer, 
containing squirlsh and f lattened o e l l s . Subepidermal 
phellogen t i s s u e was present in loca l ized areas, which 
was spreading l a t e r a l l y . Cortioal zone was made up of 
6-7 rows of parenchyma c e l l s . There was a s ing le primary 
f iber band which was made up of 2*5 rows of c e l l s . I t 
had only one gap. The crushed nonfibrous primary phloem 
was adjacent to the f iber band. Ho secondary phloem 
fibers were observed, but the other secondary phloem 
components, l i k e s ieve elements^ companion c e l l s , and 
phloem parenchyma o e l l s were d e a r l y di f ferent iated. A 
few secandtcufysieve elements had crushed.Phloem rays were 
uniser ia te . Oambial zone was made up of 4*5 rows of 
c e l l s . I t was not ac t ive . 
31.1 cm below t i p , 4th internodei Epidermis contained 
barrel shaped and f lattened o e l l s , and periderm had 2-3 
rows of rectangular o e l l s in local ized spaces. Cortex 
was 6-8 rowed. Fibrous primary phloem had a mature f iber 
96 
band composed of 2-6 rows of cells which contained 9 gaps. 
Besides this?there were developing thick walled cells, 
between the two fiber, patohes in the cortical region 
which were interpreted as soleried cells. Thus soleried 
formation was noticed in 85 days old shoot, for the first 
time in this internode* The primary non fib roue phloem 
had crushed. As regards the secondary phloem fibers, a 
single fiber band was developing which was composed of 
1-5 rows of cells. Rest of the secondary phloem was 
differentiated, into sieve elements, companion cells, 
and phloem parenchyma oells. Some of the sieve elements 
had crushed towards the periphery. Uniseriate, biseriate 
and triseriate phloem rays were fanning out towards 
periphery. Camblal zone consisted of 3-5 cells, It was 
inactive. 
37.1 cm below tip, Base, 1st internodeI Cross section 
of base region shewed the epidermis, composed of squarish, 
rounded and flattened cells. It was peeling off at places. 
There was a complete and mature periderm ring; cortex 
had 7-10 rows of parenchyma cells. The primary phloem 
fiber band was composed of fiber groups, which were 
distantly placed. These groups were made up of 2-5 cells. 
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There are 21 gaps In the primary phloem fiber band* In 
between the two adjacent groups (fiber patches) at some 
places in the cortex, there were developing some thick 
walled cells, which were sclerieds. There were 3 secondary 
phloem fiber bands* In all there were 4 bands. The 
secondary phloem fiber bands were made up of 1-5 rows of 
fiber cells. The sieve elements of the nonfibrous 
secondary phloem towards the periphery were crushed 
between the first and second fiber bands* But in between 
the second and the third fiber bands, some partially 
collapsed sieve elements were noticed. The rest of the 
phloem showed normal sieve elements, companions cells, 
and phloem parenchyma cells. Uniseriate and biseriate 
phloem rays were visible, which were fanning out towards 
periphery. Cambial zone was made up of 5-7 rows. It 
was not active* 
Collection No., 78, 79 and 80 did not showed any 
difference of importance. 
90 days 
Collection He* 29, (Collected on 1.6.65) 
Tagged on 1*3.65. 
Anatomyt .8 cm below tip. Epidermis was composed of 
Pig. 38. Drawing of shoot Ho. 29 from mature tree 
showing extension growth in 1965 March-
June. The shoot of the last year has 
been shedded dark. This year shoot has 
no dark shedding. 
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small squarish and rounded cells, next to epidermis was 
the cortex consisting 5*6 rows of cells. Then the primary 
phloem fiber band. Adjacent to the hand were crushed 
protophloem sieve elements. Uniseriate phloem rays were 
visible Tig 39 shows a group of primary phloem fibers 
in the cortex. 
9.1 cm below tips Epidermis was composed of squarish 
to barrel shaped cells, cortex had 6-7 rows. Fiber 
band contained many gaps.. Along with primary phloem 
some of the secondary phloem sieve elements had also 
collapsed. Uniseriate and biseriate rays were visible. 
Cambial zone was made up of 5*7 rows of cells(Pig 40). 
16 cm below tip J It was not different from the above 
intemode. Cortex was made up of 7 rows of cells. 
Next to cortex was the primary phloem fiber band and 
then crushed primary phloem, and nonflbrous secondary 
phloem. Cambium had 5-6 rows of cells (Fig, 41). 
23.2 cm below tips Epidermis was composed of 
flattened cells, cortex had 7-8 layers of cells. 
Pig. 39. Cross section of shoot Ho. 29 of mature 
tree at .8 cm below the tip showing 
early stage of vascularisation along 
with primary fiber groups in the cortex. 
Fig, 40. Cross section of shoot No. 29 of mature 
tree at 9*1 om below tip showing portion 
of the secondary xylem, cambium and 
secondary phloem. Note absence of 
formation of periderm. 
Fig. 41. The same as above at a distance of 
16 cm below the tip. Note structure 
of camblal zone. 
Fig. 42. The same as above at a distance of 
23.2 cm below the tip showing phellogen, 
primary fiber groups followed by crushed 
sieve tubes and companion cells at places 
and secondary fiber groups. 
|Fig. 39. Cross section at \ 
.8 cm below tip A \ 
showing groups of ^ J 
primary phloem 
fibers in the o_ortex.| 
Pig, 40, Cross section at 
9.1 cm below tip 
showing secondary 
xylem, cambium, and 
secondary phloem. 
|Fig. 41.Same as abore at a 
distance of 16 cm 
below the tip showing| 
structure of oambial 
eone. 
Fig. 42. The same as abore at 
a distance of 23.2 oi 
below tip showing 
primary phloem fiber 
groups, cruahed 
^r^pr^jyary^phloem, and 
sec ondary jFElo em 
fiber band. 
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Primary phloem fiber band contained well defined gaps, 
and had thick walled ce l l s (sclerleds in the gaps). 
Then there was crushed primary phloem and next to i t 
the nonfibrous secondary phloem,and secondary phloem 
fiber band. In between the two fiber bands there were 
some crushed secondary phloem siere elements along 
with the primary siere elements. Oambial zone had 
10-11 rows of ce l l s (Pig 42). 
28.2 cm below tip (Base)J The epidermis and periderm 
were peeling off. The number of fiber bands had increased 
to 6. The rest of the anatomy was not different from 
above intemodes. She phloem rays were uniseriate, 
biaeriate and tr lser late , they had widened towards 
periphery, fhe oambial zone contained 10-11 rows of 
c e l l s , i t was aotire ( f ig 43). 
116 days 
Collection Ho. 94(a) (Collected on 6.7.1966) 
Sagged on 10.3.1966 
Length 43.5 cm. 
Morphologyt Most of the morphological characters were 
Fig. 43. Same as above at 28.2 cm below the tip 
showing deposition of gummy material near 
the periphery. Arrangement of cells round 
this structure show formation of cells in 
a row indicating recent division. Hote 
formation of 6 groups of fibers intersepted 
by nonfibrous cells. 
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similar to the 90 days old shoot. Only there was 
difference in length. This shoot was 26.3 cm in length. 
AnatomyJ 6.5 cm below tip, 21st internode: Cross section 
of this internode showed an epidermis, composed of small 
squarish and rectangular cells, which were compactly 
arranged. Cortex had 6-7 rows of cells. There was a 
single primary fiber band with 2 gaps, it was made up 
of 1*5 rows of fiber cells. The protophloem sieve elements 
were crushed. A few secondary phloem sieve elements had 
also crushed. Uniseriate phloem rays were visible. Cambial 
sone was made up of 2-4 rows, it was inactive. 
10.8 cm below tip, 18th internode: Epidermis of this 
internode had small squlrish and rectangular cells. 
Phellogen tissue was developing in localized spaces, and 
cortex showed 6*8 rows of parenchyma cells. The primary 
fiber band was made up of 1*5 rows of cells. There were 
3 gaps in it. The structure of protophloem was same as 
in the above internode. Secondary phloem fiber groups 
were also developing in the secondary phloem, constituting 
the second band. So that there were two bands in all. 
A few sieve elements in the nonfibrous secondary phloem were 
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also crushed as described in the above intemode. Phloem 
rays were uniseriate, biserlate, and triseriate. They 
were widening out. Cambial zone had 6-7 rows. It was 
inactive. 
15.9 cm below tip, 15th intercedes Epidermis had 
flattened cells, and it was peeled off at places. Periderm 
ring was developed, around the circumference of the shoot. 
Cortical zone was made up of 6-7 rows of cells. There 
was a single primary fiber band, with 11 gaps and distantly 
placed fiber groups. It was made up of 1-6 rows of fiber 
oells. One character in this intemode which was different 
from the above one was the development of thick walled 
cells (sclerieds) in the cortical zone between the adjacent 
fiber groups at some places. Structure of secondary 
phloem fiber band was same as in the above intemode. 
Here some of the crushed secondary phloem sieve elements 
were also Resent . towards periphery. The phloem rays were 
uniseriate and biserlate. 6 Rows of cambial cells were 
noticed, it appeared to be inactive. 
22.1 cm below tip, 12th intemode* The anatomy of epidermis 
was the same as in the above intemode. Periderm and cortex 
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were also similar* Cortical cells had chemioal deposits. 
There were 15 gaps in the primary phloem fiber band. The 
secondary phloem sieve elements towards priphery were 
crushed, but they were distinguished in the region just 
above the oambial zone. The phloem rays were uniseriate 
and biseriate. The anatomy of cambium was same as in 
above internode. 
32.9 cm below tip, 6th internode* The number of fiber 
band had increased to three here. The gaps in the primary 
phloem fiber band were 28. The number of crushed sieve 
elements was greater in the nonfibrous phloem. The phloem 
rays were uniseriate and biseriate which widened out 
towards periphery. Cambial zone was similar to the 12th 
internode. 
39.5 cm below tip, Base, 1st. Internodei There were 
7-8 phloem fiber bands in all* The first one towards the 
periphery being the primary band. The crushed secondary 
phloem sieve elements were found, between first and second, 
second and third, and third and fourth fiber bands. There 
was no change in the other anatomical structures including 
the structure of phloem rays4 cambial zone also. 
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166 - 191 days old. 
Morphology! The length of 166 days - 191 days old 
shoots varied from 41 - 43.7 em, and 44.5 - 59 cm. This 
was not the only variation reeorded but some times these 
shoots remained very short as compared to their age. Thus 
the increase of length does not depends on the age of the 
particular shoot, fhe peeling of periderm was a disting-
uished oharacter in July and August. The lenticel formation 
was also very prominent in these months. And the lenticel 
formation was very easily observed externally in the periderm 
around the circumference of the shoots. These lentloels were 
present in the form of yellowish patches with pores in 
scattered form. The second flush of extension growth in 
Acacia arabloa started at the end of July and in August. 
However, a variation of time was recorded in the extension 
growth every year. The first flush some times occurred 
at the end of February. But next year it *-- ------
—ooourred in March. In the similar way the second flush 
of extension growth in first year occurred in July, in 
second year it was delayed upto the August, while in third 
year, a few newly formed shoots were observed at the end 
of June. The pattern of bark formation in newly formed 
shoots of July was the same as reported in the newly formed 
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shoots of March and April. The radial growth started at 
the end of July or in August. 
166 days 
Collection No. 12 (Collected on 28.8.66) 
Tagged on 12.3.65 
Length 47 om 
Anatomyi 2.9 cm below tip, 26th internodet Epidermis 
contained a single row of radially elongated cells, and 
cortex had 8-9 rows of cells. Next to the cortex was 
primary fiber band with gaps. The degenerating proto-
phloem sieve elements were present. Secondary phloem had 
not yet developed, also there was no phellogen tissue. 
Phloem rays were unieeriate and siseriate. Camblal zone 
was established. It contained 3-4 rows of cells. 
4.8 cm below tip, 25th internodet Epidermis in this 
4 intemode conaistedJsmall, rectangular cells, and cortex 
was 7*8 rowed. The single primary band had gaps. It was 
composed of 2-8 rows of fibers. Protophloem sieve elements 
had degenerated. A small amount of secondary phloem was 
formed. Uniseriate and biseriate rays were visible. 
Cambial zone had 4-5 rows of rectangular cells. 
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6.6 cm below tip, 24th internodej Epidermis was same 
as in the 3rd internodej cortex contained 6 rows of 
parenchyma cells. There was no difference in primary 
fiber band, it had 3-11 rows of cells. Degenerated 
protophloem sieve elements were also present. Secondary 
phloem and phloem rays were also same as in the third 
internode. Cambium had 5-7 rows it was active. 
8.7 cm below tip, 23rd internode* Phellogen tissue was 
arising in localised spaces, below the epidermis, and was 
spreading laterally. Thus phellogen formation — -reached 
upto 8.7 cm below tip region, but had not spread---upto 
tip region. Uniseriate phloem rays were visible. The 
cambium was active and it was made up of 5-6 rows of 
cells. 
10.5 cm below tip, 22nd internodei The only difference 
with the above internodes here was that there were two 
phloem fiber bands in all. The one towards periphery was 
the primary and second, developed from secondary phloem. 
Phloem rays had the same structure as in the above inter-
nodes. Cambial zone contained 7-8 rows of cells. It 
showed aotivity. 
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11.9 cm below tip, 21st internode* There were two 
phloem fiber bands present similar to the 22nd internode. 
Rest of the anatomy also resembled 22nd internode. Here 
uniseriate and biseriate phloem rays were present . Cambium 
was the same as in the 22nd internode. 
13.7 cm below tip, 20th intemodes Here the phellogen 
tissue was spreading laterally below the epidermis. The 
rest of the anatomy was the same as in the 22nd and 21st 
internode. Cambial zone consisted of 7-8 rows. It was 
active. 
14.8 below tipt 19th internode: The anatomical structure 
of this internode was the same as in 20th internode. 
16.1 cm below tip, 18th internode* Well developed 
phellogen tissue was present below the epidermis, it had 
5-6 rows of cells. The other point of difference was the 
development of thick walled cells in parenchymatous gaps 
of the fiber patches of primary phloem fiber band. Cambium 
had the same structure. 
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18.8 cm below tip,r46th internodes Periderm had developed 
in this internode. It contained 5-9 rows of cells. 2-3 
rows were the phellogen cells and 4-5 rows were cork cells. 
The rest of anatomy was similar to the above internodes. 
Cambium contained 6-7 rows, it was active. 
21.5 cm below tip, 14th intemodei The number of fiber 
bands had increased to 3 here. Best of the anatomy was 
not different. 
23.5 cm below tip, 13th internodet All the anatomical 
structures were the same as in the above internodes. The 
only point of difference was that the first band contained 
1-19 rows of fiber cells. 
24.7 cm below tip, 12th internodes Here the periderm 
had peeled off. Camblal zone was made up of 8-14 rows 
of cells. It was active. 
29.6 cm below tip, 9th internodes There were developed 
4 fiber bands. The oambial zone had 12-14 rows of cells. 
Camblal activity was continued. 
!0S 
31 cm below tip, 8th internodei Anatomy of this 
interaode was nof different from the 9th internode. 
32.5 cm below tip, 7th internodei Anatomy of this 
internode was not different from 8th internode. Cambium 
had 11-13 rows of cells, it was active. 
33.8 cm below tip, 6th internodei Anatomy of this 
internode also, resembled with the 7th internode. The 
cambial zone here was composed of 12-13 rows of cells, 
and it was active. 
35.5 cm below tip, 5th internodei There was no change 
in the anatomy of bark in this internode also. 
41.5 cm below tip, 1st internode, Base: The peeling of 
periderm was characterstio feature here and the number of 
phloem fiber bands had also increased to 7. The bands of 
nonfibrous secondary phloem alternated with the 6 bands of 
fibrous secondary phloem. The uniseriate, biseriate and 
triseriate rays were present. The cambial zone contained 
14 - 18 rows of cells. It waB very active. Thus the 
cambial activity was very prominent in base region. 
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300 days (March - December, 1965) 
Morphologyi There was no change in general morphology 
of the shoot* Only the colour of the bark became more 
dark,*---—so that the shoot appeared dark in colour from 
base upto tip. 
Anatomy* Bases The number of fiber bands was 8. The 
first group of fibers next the epidermis* had sclerieds 
in between the fiber groups. This structure often gives 
the impression that the primary phloem fiber formed into 
a continuous band. On careful examination it can be found out 
that it was not so. The fiber groups and the sclerieds 
in cross section were entirely different to look at. The 
fibers were thick walled compact groups* while the sclerieds 
were thin walled and their shape was different from that 
of fibers. 
Sieve elements and companion cells, in between the 
fiber bands were completely crushed from the periphery to 
the cambium except the three gaps from the cambium. The 
phloem parenchyma cells next to the cambium were all intact 
along with sieve elements and companion cells* In the 
next gap between the fiber bands, some of the sieve elements 
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were crushed but not all* In the next gap sieve elements 
were completely crushed. 
The phloem parenchyma cells were to a great extent 
crushed and distorted in shape, and often contained 
brownish chemical deposits. Some of the cells seemed to 
have enlarged since their formation in the cambium. Ray 
cells were uniseriate to triseriate often, opening out 
;
 \" ' ^ \ > 
towardB periphery (Fig. 44). 'fJ
 fl ^ 1 ^ 
365 days 
Collection No. 92, 94. 
Morphology! Branches tagged in March and April, 
showed mature brownish bark in November and December. 
She shoots were woody and hard, so also the spines. It 
was noted that the rate of extension growth became slow 
in Ootober and stopped in November, where^as it was 
vigorous in March and April* &ut-^-in other shoots there 
was a flush of growth from March to June, and then again 
from July to October. The manner of leaves, spines, and 
branches formation was more or less the same in all the 
shoots of mature trees. 
The shoots which were tagged and numbered in July 
Pig. 47. Cross section of shoot No. 92 365 days 
old, at the base showing well developed 
periderm. 
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to multiseriate. The oambial zone was composed of 7-12 
layers of cells. It was active. 
Collection Ho. 94. 
(Tagged on 8.7.65. ) 
Collected on 6.7.66 
Jtaatomy(Oont.) t This collection which was of the 
same age as above collection showed* peeled epidermis 
and periderm. The periderm consisted 6 rows of mature 
squirish to rectangular narrow cells filled with chemical 
deposits. Cortex was the same as in collection No. 92. 
Development of acleried cells was the same. The number 
of fiber band varied here 9-10. The functional and non-
functional phloem were also the same as in the above 
collection. The functional phloem was next to the cambial 
zone, in which phloem fiber band was not yet developed* 
The anatomy of this shoot differed from the above one 
though of the same age in showing 9-10 fiber band, and 
absence of secondary phloem fiber band in the functional 
phloem. The character of absence of fiber band in the 
functional phloem resembled the 365 days old seedling, 
in which also there was no secondary phloem fiber formation 
in the functional phloem. 
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Shoots under observation from (March, 1965 - July, 1966) 
485 days 
The observation made on the first fiber band next 
to the cortex were the same as reported earlier on the 
shoot under investigation from March - December, 1965. 
The number of fiber bands observed varied from 13*15. 
As regards crushing of the nonflbrous tissues in 
between the fiber groups, sieve elements and companion 
cells were completely crushed from outside to inside 
except two gaps next to the cambium. 
The ray cells were 2-3 seriate and some times 
opening out towards the periphery. The phloem parenchyma 
cells next to the oambial zone had not changed their shapes 
upto two gaps between the fibers the rest were flattened 
after enlarging in size in some cases. The contents of the 
parenchyma varied throughout the bark. Dark chemical 
deposits were evident all over, although some of these 
parenchyma cells had undergone considerable distortion in 
their shape. Cambial zone was active. The bark easily 
slips over the wood. The cambium showed radial and 
tangential walls very thin. 
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D i s c u s s i o n 
(a) Anatomical Structure of epidermis* 
The epidermal c e l l s i n 8 daya old seedling look 
very much l i k e the c e l l s of ground t i s s u e . There i s no 
well marked di f ferent iat ion between the c e l l s of epidermis 
and sub-epidermis, indicat ing the ir ultimate destiny. In 
other words the c e l l s of epidermis and sub-epidermis 
are s t i l l in the process of formation. This i s evident 
in the 12 day old seedl ing, in which the epidermal c e l l s 
take up the ir usual shape of tangential ly flattened c e l l s . 
Between 30-45 days old seedl ings , the epidermis s tarts 
peel ing off i n many p laces . Where the epidermal layer 
had not peeled off one can notice in them considerably more 
f lattening of the c e l l s . Then on upto the age of one year 
the peel ing off continues, showing only a s l i g h t variation 
in different seedlings* When one year o ld , the seedlings 
show very l i t t l e true epidermis. In fact the sub-epidermal 
c e l l s also peel off in a number of p laces . 
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(b) Development of periderm and its structure! 
So far only a few workers have done detailed study 
of periderm. Moeller, (1388), Webber and Faweett, (1935), 
Hayward & Long, (1942), found out that the phellogen in 
citrus tree is formed in the outer cortical tissues. 
Again, Webber and Faweett, (1935), reported sub-epidermal 
origin of phellogen in sweet orange. Hayward and Long, 
(1942), observed in the seedling of Valencia orange, 
the development of phellogen subadjacent to stomata. 
I n
 Acacia arabica ^flld I have found sub-epidermal origin 
of phellogen, in the form of discrete patohes in localized 
areas below the epidermis. This activity later on spreads 
laterally, surrounding the entire circumference of the 
stem. Hemenway and Schneider, (1956), studied the anatomy 
of Lemon tree bark and reported occurrence of rhytidome in 
one year and two year old shoots. Before Hemenway and 
Schneider, Chattaway, (1954), studied, (1) oil glands 
(2) Enlarged fiber cells (3) Radially elongated cells of 
the phellum and (4) marked expansion of parenchyma in 
the rhytidome of Eucalyptus bark. Rhytidome is not 
formed in Acacia arabica. but periderm ^s . Whitemore, 
T.C., (19,62), studied the external morphology, and the 
internal structure of the bark of Dipterocarpaceae. He 
observed rhytidome in Dipterocarpus bark. There were 
uc> 
4 components, which constitute the anatomy of this bark; 
(1) secondary phloem (2) expansion tissue (phloem rays) 
(3) phloem proliferation tissue derived from phloem 
parenchyma and (4) periderm. The same bark components 
I found in Aoncia arabioa Willd, with the only difference, 
that expansion of the rays is more prominent, and dilation 
meristem produced due to phloem proliferation (phloem 
parenchyma) are not well developed as in the Dipterooctrpua 
hark. 
Recently some workers have paid attention to study 
of hark namely Esau (1964), Jolly (1966), Rai Chaudhuri 
(1966). But they have not included in their study 
different stages of periderm development, nor have they 
paid much attention to detail study. Theirs was only a 
general survey of bark and its components. 
A comparative study of the development of periderm 
in seedling and shoot of mature tree shows very little 
difference in these two types of shoots. I have studied 
shoots of mature trees more intensively than I have done 
on stems of seedlings. I therefore plan to give here 
detailed structure of the development of periderm in the 
former. The first division of sub-epidermal cells starts 
when the shoots are about 13 days old. By looking at 
a large number of sections one gets the impression that 
this activity may start earlier than 13 days in some cases. 
I l l 
I feel I am Justified in saying that the divisions may 
take place even when the shoots are about 10 days old* 
Structure of the Initiation of periderm can be seen in 
(Pigs. 30-34). After examining all the slides I find 
spread of periderm is done by activating sub-epidermal 
cells, laterally on both sides. This type of activity 
does not lasW very long. 16 Days old shoots at the 
base clearly show series of box like cells arranged in 
the radial direction indicating fairly active peridermal 
tissue. These tissues can be differentiated into phellogen 
and phellum, though not distinct so clearly as in the 
mature shoots of older age (Pig. 36). While the division 
of cells take plaoe in some areas, there are places in 
which no division may take place. There are still others 
at some places in which the initiation has just began 
(Pig. 35). > 
.V.. 0^ y 
V y< " ^ The time of i n i t i a t i o n of periderm varies from 
H ' ••' » ' Y - — ~ " " """" 
•>v ^«m»ot to shoot. I t appears that i n i t i a t i o n of periderm 
i s not always confined to a s ingle s i t e } many a time 
i n i t i a t i o n begins 2-6 places almost simultaneously. 
Por example, i n i t i a t i o n of periderm in s ing le patches 
was observed in shoot Hos. 11,63,68 and 70, 2 patches 
i n 69 and 71 , 3 patches i n 12,59 and 61(a) , 4 patches 
in 58, 5 patches in 60 and 72, 6 patches, 13 and 61(a) , 
us 
7 patches i n 14. When we take Into consideration the 
sections that have been cut from the base, we find, that 
shoots of age, varying from 13*30 days old show 1-5 patches. 
Thus indicat ing the p l a s t i c i t y of the i n i t i a t i o n of the 
periderm in the shoot. The r a t e of progress of periderm 
i s rather slow in both respects , i . e . , l a t e r a l and 
v e r t i c a l . Here the formation of new l a t e r a l t i ssue 
appears to depend on the in te rna l environmental condition 
of the seedlings as well as shoots of mature t r ee s . 
30-36 days old shoots usually show a complete band of 
periderm at the base (Table No. 3 ) . 
T a b l e - 3 . 
Showing variation in the formation of periderm in 
shoots of mature trees. 
Collec- Places Distance Shoot Shoot Date of State of 
tion of from tip length age observa- periderm 
Number initia- tion 
tion 
61(a) 6 patches 9.5 em 15 cm 35 days 6.3.66 Periderm 
incomplete still 
spreading 
laterally. 
61(c) 3 patches 3 cm 20 em 30 days 6.3.66 Periderm 
complete 
69 
branch 
5 2 patches 14 cm 14 cm 30 days 6.3.66 Periderm 
complete 
U9 
These observations have been recorded by me from 
sections cut from the basal region of different age 
groups of shoots. Similar material taken out from 
seedlings did not show any conspicuous difference from 
those from mature trees* I have not therefore included 
another table for seedling. Checking was also done by 
cutting seotlons at different heights of the shoots 
taken at random from both types of materials. For example* 
intensive study of collection No. 12, was made. This was 
166 days old shoot of mature tree, collected on 28.8.65 
and was 47 cm high.^ Sections out from a distance of 
4.8 cm from the tip has not shown any periderm formation 
at all, while at a distance of 8.7 cm phellogen was well 
developed, consisting of 6 layers of cells in a row. 
Here it was difficult to distinguish between phellum and 
phellogen. At a distance of 18.8 cm below the tip, the 
phellogen and phellwi cells were clearly detected. Then 
on there was only a slight difference in the number of 
cells in the phellogen and phellum, and no other difference. 
As far as phelloderm cells are concerned they were observed 
at a distance of 18.8 cm below the tip - even this was in 
a single layer. The progress of formation of periderm 
mentioned earlier, appear to be slow in this shoot also. 
At a distance of 18.8 om from tip complete encirclement 
Ho 
has been observed. When periderm has completely encircled 
the stem, the peeling off of epidermis and outer periderm 
s t a r t s . At the base of the stem, at a distance of 41.5 cm 
from t ip peeling operation was continuing vigorously at 
p laces . Where the peel ing off was not taking place, the 
periderm consisted of 7-8 rows of c e l l s . The second 
example can be given from sedtions cut from shoot No.124 
of mature t ree . Here from near about the t ip ( 7 . 1 cm) 
only 1-3 rows of c e l l s of periderm was observed. The 
table given below gives a rough idea of the number of 
c e l l s that were present in periderm at different heights 
of the shoot. 
T a b l e - 4 . 
Table showing number of peridermal cells at different 
heights of shoot from mature tree • 
Distance Number of rows 
from tip of cells. 
7.1 cm 1 - 3 
27.1 cm 4 - 7 
36.3 cm 4 - 7 
76.3 cm (Base) 4 - 9 (complete periderming) 
Tracing the peeling off operation of the epidermis from 
121 
tip, I find that the epidermis for the first time starts 
comming off from the bark at a distance St 27 cm. At the 
base of the shoot at a distance of 36.3 cm from the tip, 
the peeling off operation is going on vigorously. 
A general survey of a large number of shoots both 
in seedlings and from shoots of mature trees, shows that 
iall the three component tissues of periderm are clearly 
differentiated only when its lateral expansion ends in the 
tencirclement of the shoot. It may be pointed out here 
that at the initial stage of periderm formation only two 
types of component cells are visible namely, phellogen 
A | and phelljm. The phellum goes on increasing in number of 
| dells, at a fairly quick rate. The phelloderm is differen-
tiated at a later stage. Here a point to note is that as 
soon as the encirclement has taken place, there is a 
tendency for the epidermis and the associated cells for 
peeling off. 
Table Ho* 5 showing number of radial rows of cells 
in periderm at the base of the shoots of mature tree. 
CoXlec- Age of Number of PhellUm Phellogen Phelloderm 
tion shoot layers in / 
number the peri-
derm 
13 
52 
54 
55 
166 days 
295 days 
295 days 
312 days 
7-10 
6-9 
7-10 
8-10 
5-7 
5-6 
7-8 
6-8 
1 
1-2 
1 
1 
1 
1 
1 
1 
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Sections of shoots at the base of 166-312 day old, show 
that it is the phellum layer which indicates some variation. 
These layers may vary from 6-10 layers depending on indi-
vidual shoots. The phellogen mostly consists of 1 layer 
of cells. I have only on one occasion come across two 
layers (shoot No. 52). But this may be due to the fault 
of my observation. The phelloderm layer usually consists 
of one row of cells. There is very little variation in 
the anatomical structure of periderm in one year old 
shoots of mature tree and seedlings. 
(C) Anatomical structure of oortext 
Cortex usually consists of two types of ground 
tissue cells, the larger ones are next to the periphery 
and the smaller cells are next to the phloem. Many shoots 
however, may not show conspicuous difference in the size 
of cells throughout the cortex. The intercellular spaces 
are always prominent. Usually crushing of the cortical 
cells starts after the periderm has begun to develop. The 
early crushing is confined to the cells next to the 
periderm. 
8 Day-old seedling in the tip portion consists 
of 6 rows of cortical cells, of which the outer 3 rows are 
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made up of large, oval cells, while the inner rows are 
small cells. Cross section from the base region of this 
very shoot at a distance of 1*6 cm from the tip shows 
the outer oortioal cells, in the form of a loose band of 
compressed cells. On the inner side are 3-4 rows of oval 
parenchymatous cells. Bordering the inner cortical layer 
lay groups of fibers (Pig. Ho.22). In 15 day-old seedling 
the cortical zone is oomposed of 5-6 rows of cells (Fig. 37). 
Then on there is no change in the structure of cortex till 
the seedling is 45 days old. When 69 days old, the 
seedling shows 7-8 rows of cortical cells at a distance 
of 1 cm below the tip, while at 6.5 cm from tip there are 
4-5 rows of cells. At a distance of 28.8 cm below tip 
some of the cortical cells are destroyed due to peeling of 
the periderm. In 82 day-old seedling, the cortex in the 
tip portion consists of 4-7 rows of cells. At a distance 
of 5.6 cm below tip, it consists of 5-6 rows in the regions, 
where the phellogen is developing, while in the regions 
where there is no phellogen it contains about 7 rows of 
cells. At a distance of 10.8 cm there are 5-6 rows of 
such cells. More or less the same number of cortical cells 
are found at a distance of 17.1 em and 52.7 cm below tip. 
At the age of 123 days, the tip region of the seedling 
contains 6 row of cortical cells. At a distance of 9.9 cm 
Fig. 37, Cross section of seedling No. 4, 
15 day old showing number of cells 
in 4-5 row in the cortical zone. Note 
also heavy chemical deposits in different 
types of cells* 
^0" >V w l 
Pig. 37. Anatomy of cortex 16 day old seedling baee* 
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the cortical zone showed 5-6 rows. After this it was thought 
not profitable to continue with the study of cortex because 
portion of it had already begun to peel off. 
As regards contents of the cells, they show chemical 
deposits in the form of starch grains in the tip region of 
8 days old shoot. H t h age these starch grains disappear 
and tannin-like substance take their place, from the data 
collected in this oonneotion, it appears that tannin-like 
substance make their earliest appearance when the seedlings 
are 15 day-old and that also at the base (Fig. Ho. 37). 
fable Ho. 6 showing chemical deposits in the cortex 
at different heights in relation to age of seedlings. 
Age Length of the 
shoot in cm 
Height 
where chemical 
deposit appears 
8 days 
15 days 
45 days 
69 days 
82 days 
123 days 
4 cm 
9.3 cm 
16.6 cm 
34.8 cm 
57.8 cm 
48.7 cm 
9.3 em (base) 
16.6 cm (base) 
6.5 cm below tip and below 
27.8 cm below tip and below 
17.9 cm below tip and below. 
In summing up, it may be said that the variation in the 
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number of cells in the cortical tissue is large. In some 
cases the number of cells are only 4, while in others, they 
are up to 12 cells, This leads one to think that the 
individual shoots are responsible for these variations, 
and that there is considerable plastioity inherent in this 
tissue. Secondly, the important change that is brought about 
with age is the deposition of chemicals. As early as 15 day 
old shoot show blackish chemical deposits of tannin-like 
substance. Our botaniea^ test shows that this deposit is 
not only tannins , but some other substance along with 
tannins • 
(d) Development of first group of fibers next to oortext 
As mentioned earlier, some fiber like cells are 
found next to the primary phloem. At this stage, it 
appears that some of the fibers of protophloem take angular 
shape and show up in cross section against the circular or 
spherical shape of the cells of cortical tissue. Repeated 
search to find out whether protophloem is entirely respon-
sible for formation of these fibers have not led to any 
definite conclusion. This is because some of the inner 
cortical cells are also found to change their shape and 
join— with the outer protophloem to form a band of 2-4 
12/5 
angular cells, almost like a cap to the vascular tissue 
(Figs, 49 & 50). This conversion is initiated just above 
a vascular bundle.fery soon the same type of structure is 
found in association with other vascular bundles also. 
The progress of formation of these fibers do not show 
any definite system, In some cases the next vascular 
bundle either on the left or on the right may show forma-
tion of fibers,* in other cases a bundle just opposite may 
show this activity and adjacent bundle may develop fibers 
later on. 
To start with these fiber groups show only angular 
cell outline, well packed but thin walled. Within a week 
or so walls of these fibers become fairly thick. And at 
the same time spread laterally on one or both sides 
(figs. 51, 52, 53, 54 A 55). The encirclement of entire 
stellar region by these fibers continue. According to my 
observations most of the shoot complete the encirclement 
at a distance between 1/2 - 1 em from the tip. Here the 
question of age of the shoot has also to be taken into 
consideration. As regards relation between the encircle-
ment of the stem between the first fiber band, and the 
nodes, there is considerable variation. In most of the 
cases the encirclement is completed within the first 
internode, while it is not unusual to find the encirclement 
Fig. 48* 8 day old shoot of tree No. 1. 
Fig, 49. Diagramatic drawing showing first fiber 
group. 
Pig. 50. Magnified structure of the first fiber 
group in the cortex. 
Drawing of 8 day old 
shoot of tree Ho, 1. 
flit unshedded portion 
shows the current 
years extension growth 
* lg . 49, Diagramatic drawing 
showing i n i t i a t i o n Qt£h* f i r a t fifcar 
f f ! g ! T K ^ ^ T a r g e d drawing of 
the afcove showing 
d e t a i l structure of 
f i r s t f ioer group, 
Note the c e l l struc-
ture of vascular 
t i s s u e . 
Pig. 51-53. Showing development of fiber in the 
cortex*-
•g« 
progressive develoj 
ment of fiber groups 
in the cortex. 
Fig. 64. More advanced stage of filoer development. 
Pig. 55. Enlarged drawing of (A) in the Fig. 54. 
Pig. 55. Enlarged drawing of 
(A) in Pig Ho. 54 
showing detail 
structure of vascular 
tissue and first 
fiber groups. 
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only between the second and the fifth internode. Thus 
there is an indication that encirclement is slow in the 
latter cases. Figs. 56 & 5? give a true picture of encircle-
ment of the steller region by these fibers. This state 
usually lasts for a very short time only. Search has 
revealed that the breaking up of band occurs at a distance 
of 2 ma below the encirclement. Incidentally* the shoot 
often grows about 2 mm in 24 hours. This leads us to 
think that the time between complete encirclement by fibers 
and gap formation in them is very short. 
The pattern of growth of formation of first fiber 
band given above includes study of seedlings as well as 
young shoots of mature plants. There are, however, some 
differences in the early encirolement by the fibers when 
the seedling is 8 days old. Section cut at about 1 cm 
below the tip showed a complete band of fibers. On the 
other hand young shoots from mature tree show a similar 
development of fibers when they are 10 days old at a 
distance of 2.5 cm from the tip. Taking another example, 
a 15 day-old seedling just below the tip shows a complete 
encirclement by fibers, while young shoot of mature tree 
16 days old at a distanoe of 4 cm from the tip exhibits 
1 gap in the encirclement. Evidently in the later case 
the gap has been formed after the encirclement has been 
Fig, 56. Rough sketch showing encirclement by 
the first fiber band. 
Jig. 5?. An enlargement of the portion of the 
structure shown in Fig* 56. 
Fig, 56* Cross section snowing 
complete encirclement 
of vascular tissues 
of first fiber groups. 
Fig. 57. An enlarged drawing 
of a portion of the 
section given in 
fig 56 showing detail 
structure of the 
fibers in the cortex 
and vascular tissues. 
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completed. An analysis of the observations made by me 
has led me to conclude that except minor differences 
inherent in the individual shoots of both types* there is 
very little difference in the trend of growth of first 
fiber band and formation of gaps later on. 
The formation of the first fiber band has been a 
subject of controversy by many workers* Two schools still 
exist. Pericyclio origin or oortioal origin has been 
emphasized by a large number of workers of which the 
latest is by Metoalf ft Chalk (1950). In this connection 
it may be pointed out that in Acacia arablea willd no 
peri cyclic band could be detected by me. It may be pointed 
out here that there are also other plants which do not 
show clear pericyclic tissue* In such cases it is difficult 
to say whether pericycle takes part in the formation of 
these fiber bands or not. At the same time it must be 
pointed out that these workers have had found some indica-
tion that the cells next to the steller tissue take part 
in the formation of these fibers. There is therefore 
some justification to say that the origin of these fibers 
is from cells outside the stellar region, without emphasising 
that they are pericyclic. 
The other school to which also many workers belong. 
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Qf these the latest are Esau (1938, 1939,1*43, 1950), 
Kundu (1941, 1942), Bond (1942), Bigard (1944), Artswager 
(1946). Fiber yielding plants were dealt with "by Esau 
(1943), Kundu, (1941, 1942, 1943), and Ghosh,Rao and 
Patel (1943). All these were very oareful study of 
development of fibers in the bark. The results they 
obtained were therefore convincing. From this I conclude 
that the plants investigated by them produced first fiber 
band from protophloem ,<rCijLs. 
^ (^^rwiln "toe light of the facts stated above, it would 
^ a^ppe'ar )$hat the first fiber band is formed either from 
V 
vT 
corneal cells (pericyclio) or protophloem. However, my 
Investigation has led me to conclude that in Aoacia 
arabloa wllld both protophloem and cortical cells are the 
source of formation of first fiber band. 
After the encirclement of the shoot by the first 
fiber band, it starts splitting up within a short distance. 
The method of splitting up is rather complicated. The 
first gap in the band is brought about by leaf gap 
(Pigs. 58 and 59). Although I have not made an intensive 
study of the factor* responsible for the splitting up of 
the fiber band yet my investigation has led me to conclude 
that the following developmental factors are responsible 
Pig. 58* Sketch showing formation of the first 
gap in the fiber band. 
Pig. 59. Drawing showing the cells responsible 
for the formation of gap as shown in 
Pig. 58. 
Diagramatic eketon 
showing formation 
of the first gap 
in the fiber band. 
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for the splitting up of the fiber band; (a) Wide gape "by 
leaf trace (b) Harrow gaps by the cambium which produces 
parenchymatous cells and pushes out the band apart, 
(c) The rays produced by the cambium also take part in 
the splitting (figs. 36, 60, 61 and 62), Incidentally 
all these factors are responsible for increasing or
 v, 
decreasing the number of islands of first fiber baafd in 
the shoot, running up and down. 
(e) Hon-fibrous primary phloemt "X
 (> *
 J\ 
The history of development of nonfibrous primary 
phloem is not so complicated. Some of the cells of primary 
phloem, especially towards the epidermis are converted 
into fibers. At this stage the sieve tubes and companion 
cells near the cortex are crushed (flgi 63). She crushing 
is usually confined to the outer most phloem cells. Those 
near the cambium are crushed later. No crushing of the 
cells near the cambium has been observed by me at the tip 
even when the shoot was 15 day-old. The cells of the 
nonfibrous primary phloem next to the cambium consist 
mostly of parenchyma cells. Occasionally there is a 
suggestion of formation of phloem ray cells. 
By the time the first fiber band completely encircles 
Pig. 60* Bough sketch showing many gaps in the 
fiber band. 
Fig. 61* Enlarged drawing showing various types 
of tissues responsible for the formation 
of gaps in the fiber band. 
i f ig . # 0 . Cross section showing | Fi6« 
many gaps In tips fiber 
band* 
61. Enlarged drawing 
showing different types 
of tissues responsible 
for creating gaps in the 
fiber band. 
Pig. 62. Adranoed stage of gap formation in 
fibar band. 
C*P rtmr,„w 
Tig* 63* Cross section of shoot Mo. 60 from 
nature trees 16 days old showing crushing 
of nonfibraus phloem cells* 
'•-' 
PP 
IPig. 63. Showing orushing of nonfibroua phloem 
t3i 
the shoot,a greater number of sieve tube and companion 
cells are crushed (Figs. 36&63)J5he progress of crushing in 
Acacia arabica Willd appears to he a slow one not like 
the sieve elements of Niootiana Esau (1938) and Linum 
Esau (1943). 
By the time the secondary fiber band is formed in 
the phloem the cells of the nonfibrous primary phloem are 
crushed to a great extent, some time including the paren-
chyma cells* The nonfibrous tissue described above is 
made up of primary phloem and partly secondary phloem 
cells. Incidentally^the companion cells may not be 
detected at the early stage of protophloem formation but 
by the time metaphloem is formed one can easily detect 
the companion cells. 
(f) Secondary phloem fiberst 
These fibers originate from true cambium. When 
these fibers, which occur in small groups of 8-15 or more, 
take angular shape they are usually thin walled. Here the 
wall thickness increases very quickly, unlike the first 
fiber band. At this time the nonfibrous tissues outside 
this band show almost complete crushing of the sieve tubes 
and companion cells. In one or two places in this tissue 
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I have, however, come across sieve tubes and companion 
cells very much flattened but not completely obliterated. 
Here also additional fibers are laterally extended in 
patches separated by phloem rays. There is a tendency in 
these fibers to be narrow in comparison with those of the 
primary fibers. 
The rate of formation of secondary fibeVbands 
in relation to the age of the shoot is given incrgraph 
(Pig. 64). It will be seen that shoots of mature trees 
start forming secondary fibj&r/band earlier than those 
of seedling. In fact the secondary band in mature shoot 
start forming when they are 8-10 days old, while the 
same process has been observed in seedlings, when they 
are 12 day* old. The rate of growth of secondary fib/e^ fe 
in these two organs may also differ at different age. But 
when the seedling and the shoot of mature trees are about 
120 days old, there is little difference between them 
regarding the number of bands that they form. Data 
collected by me shotfg) that in a year the average number of 
fiber bands i.e. primary plus secondary is usually 7-8 
(Pig. 44), the minimum being 6 and the maximum, 10. In 
the second year of the shoot of mature tree shows, as a 
rule, more number of bands than does that of seedlings. 
During my investigation I have come across number of bands 
Pig. 64. Graph showing age of the shoots from mature 
tree and seedlings in relation to age 10-130 
days. Vote the difference in the number of 
fiber hands* 
• SHOOTS OF MATURE. TRE.L 
o SHOOTS OF SEE.OQNGS. 
6 0 7 0 SO 9 0 
AG£ IN DAYS. 
Fig. 44. Drawing of cross section of base region 
of 365 days old mature shoot. Note 7-8 
f iber bands. 
ANATOMY OF BASF- OF 
YEAR SHOOT. 
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in the two year old shoot of mature tree upto 16 and 17 
but the average number of bands added in the second year 
is usually 2-6 (Figs. 45 and 46). There is a tendency 
for this type of shoot to produce less number of band in the 
second year than in the first year. This tendency is much 
more prominent in the shoots of the seedling. The average 
number here in the first year, as mentioned earlier is 
6-8 (Pig. 29a),but in the second year the maximum number 
is 1-2. Importance of this structure will be dealt with 
later in the thesis* 
(g) Sclerieds in the baric. 
The term scleriedi after many year*s of controversy, 
ha3 now been defined as parenchyma cells which undergo 
sclerification in the later stage of their life and form 
"massive lignifled secondary wall". Often the wall is 
laminated and show conspicuous ramiform pits. This 
structure is often useful in the classification and identi-
fication of leaf, bark and pith. For instance, Ghosh and 
Purkyastha (1962), studied the wood and bark of Acacia 
Senegal. They pointed out the importance of this type of 
cells describing them as "Selerienehyma cells",-not 
sclerieds. 
Hg. 46. Jawing of two year old a«ture shoot. 
Note 9 fiber bande and bending of raya. 
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All plants however, do not produce sclerieds. 
Furthermore, when sclerieds occur, they are not confined 
to all the organs. In some they occur only in the leaves, 
while in others they are confined to only pith. The 
significance of this variation is not clearly understood. 
Nor do we know yet the importance of formation of sclerieds 
in plants. All that is knownis that these cells become 
functioniess after the formation of thick walls. 
y The fact given above raises a very important point 
tin plant anatomy. That is the potentiality of the paren-
chymatous cells. Sclerieds are prosenchymatous in origin, 
A 
which means these tissue live for a long time unlike the 
fibers. By their very nature they are dapable of resuming 
physiological activity even after months or years of 
apparent dormancy. This characterstio of parenchyma cells 
have been emphasized by many workers (Sinnott, 1943). 
As has been mentioned earlier the primary fiber 
cylinder rupture after sometime not only due to cambial 
activity, and production of new tissues, but also due to 
formation of leaf gaps. One finds Islands of primary 
fiber groups in between which there are some parenchymatous 
cells. Some of these cells later form sclerieds. In the 
material I have investigated sclerieds have been detected 
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in the shoots of seedling or mature tree varying in age 
from 70 days - 700 days. To start with the sclerieds are 
noticed usually in one spot. With age the number of spots 
increases. I have tried to find out the system which 
governs the initiation of solerieds within the cylinder 
of primary fibers and parenchymatous cells, hut failed 
to notice any. This leads me to think that initiation 
of the sclerieds is governed by internal physiological 
conditions of the shoot. 
There is very slight difference in the formation 
of sclerieds in shoots of seedlings and those of mature 
trees. The seedling No. 12, 69 days old and 29 cm long, 
showed solerieds at 11 cm. Again, in seedling No. 16, 
82 days old having a shoot length of 53 cm sclerieds were 
found at 28 cm. In the case of the shoot of mature trees, 
85 days old and 37 cm long, scleried was noticed at a 
distance of 31 cm from the tip. Thus it will be seen 
that there is no great difference in the formation of 
sclerieds, between the shoot of seedling and that of 
mature tree. 
(h) Phloem ravel 
Phloem rays are initiated in the cambium at the 
i3r> 
same time when xylem rays are formed there. Portion of 
rays initiated in the oambium enters xylem towards the 
center, and enters phloem towards periphery. To start 
with rays are usually uniseriate to biseriate, depending 
on the species and its inherent characterstics. Many 
workers have noticed widening of rays in the phloem. For 
instance Esau (1938) noticed widening of rays in Hi cot 1 ana. 
Among Indian workers Kundu (1941) reported widening of rays 
in Cannabis and Corohorus: Patel and Ghosh (1943), Ghosh, 
Rao and Patel (1943) found delation of rays in the secondary 
phloem of corchorus. In this connection recent work of 
Whitmore (1962) on Diptero^Carpaccae is interesting, so also 
work of Esau (1964) on the bark of some dicotyledons. 
In course of my Investigation I have only come 
across unlserlate rays in Acacia arablca F^lld at the 
early stage of formation of rays (Pig. 63), although 
presence of biseriate rays was noticed a little later 
in the life of the seedling. In Acacia arablcawalld 
shoot of seedlings and mature trees often show fanning 
out of the rays towards the periphery (Pig. 45). The 
method of expansion of the rays is in a way peculiar to 
this species. In cross section the cells of the rays 
show up as brick like in size and shape. They are widest 
towards periphery and narrowest towards cambium. But 
Pig. 45. Cross section of two year old mature shoot 
Note 8 fiber bands in the last year phloem 
and the one next to oambial sone produced 
in the current year. 

137 
before reaching cambium some times they do not show any 
effect of fanning out. 
As regards contents of the rays, there is consi-
derable variation* They often contain some chemical 
deposits which is very similar under mioroscope to the 
contents of the phloem parenchyma cells. More about 
this is given later in this thesis. 
(i) Rate of growth of phloem in relation to cambial 
activity* 
The secondary growth usually takes place in this 
speoies from June or July to early November at Aligarh. 
During this period the number of secondary fiber bands 
formed by the phloem has been analysed by mef both for 
seedling and for shoots of mature tree. Till the shoots 
of seedling and that of mature trees are 10 days old. 
there is no secondary fiber band. By the time some of 
the mature shoots are 15 days old, they show some sign 
of forming fiber groups. By middle of September, there 
are 3-4 bands in the shoots of the seedling and mature 
tree. By the first week of October, the seedling and 
the shoots of mature tree at the base may show as many 
as 5 bands. By the end of October both the shoots of 
seedling and those of mature tree usually have 7-8 bands 
(Pig. 44). 
!3§ 
Taking into consideration the period of maximum 
activity by the cambium, which takes place usually in 
the month of August. Incidentally, this is the time 
when"'at Aligarh we have heaviest rain fall and humidity. 
From the data given above it will be seen that September 
is the month when the largest number of phloem cells 
are turned into different tissues (fig. 24 and 25). 
This is also the time when the largest number of non-
fibrous cells are crushed in the phloem. 
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P A R T I I 
Comparative Study of the Anatomy of Baric of Acacia 
arable a Willd, £• decurrens Willd and A., mollis sima Willd 
and t he i r Ident i f ica t ion . 
Among the Acacias* three species are very important 
in India from the point of view of production of tannics. 
Of these Acacia arabica wil ld i s a native of India. The 
other two are £• decurrens Willd (Green Wattle of Australia) 
and ^ . mollissima Willd (Black Wattle) said to be originally 
from Australia hut now extensively cult ivated in South 
Africa. Both of these species have teen introduced in 
South India - A. decurrens in the Ni lg i r i s and the Himajyas 
and A,, mollis sima in the N i lg i r i s . Barks of these three 
species are sold in the market and i t i s often dif f icul t to 
distinguish them by the i r look. While studying the bark of 
Acacia arabica from early to mature stage* i t has been 
thought advisable to study the mature bark of the other two 
species and find out i f they can be separated based on the i r 
minute anatomy with the help of microscope. Separation of 
these barks i s of importance from economic point of view, 
because A,, arabica yields the lowest percentage of tanning 
while £. decurrens does a higher percentage, and A. mollissima 
IM 
gives highest yield. 
All the three barks hare some common structure 
namely development of periderm in subepidermal region, and 
the presence of a sclerieds band encircling the stem in the 
inner portion of the oortex. Gummosis mayjbr may not develop 
in all the three species. The groups of fibers alternate 
with the nonflbrous tissues mostly phloem parenchyma. More 
than three month old nonfibrous tissues clearly show 
obliterated sieve tubes and companion cells, stained black 
with haemotoxyline. There are however, some differences. 
*
n
 A* ar&frica fibers occupy a high percentage of space. 
A.mollissima shows the least space occupied by fibers. 
Again, the rays near the periphery of A. arablea bark 
often show an extensive fanning out, while in A., decurrens 
the fanning out is slight or absent. In the case of 
A* Mollissima there is no fanning out of the rays. Further-
more, in transection, the rays in the inner bark of 
A' arabica and A., decurrens show little widening of the 
individual ray cells. On the other hand, the individual 
ray cells in A., mollissima show unusual widening of cells; 
some time the tangential wall being as much as three times 
that of the radial. 
A key for the identification of tannin yielding 
bark of three Acacia spp. 
lit 
In early bark, rays show exceptional fanning out. 
In mature bark, individual ray cells, in transection, 
more long radially than tangentially » - - - - - 2 
Jn early bark, rays do not usually show any fanning 
o»t* If at all only slightly. In nature bark, 
individual ray cells, in transection more long 
tangentially than radially - Acacia mollissima 
Fibre groups occupy more space in unit area - - -
- - - - - - - - - - - - - - - - Acacia arabioa 
Fibre groups occupy less space in unit area - - -
- - - - - - - - - - - - - - - - Acacia decurrens. 
m 
P A R I III 
Some general remarks on the utilization of the 
bark of Aoaoia arabioa Willd in relation to its anatomical 
structure. 
In part two of this thesis it has been mentioned 
that fibers in the bark of Acacia arabioa willd occupy 
considerably more space than those of A. decurrens Willd 
and 4. mollissima Willd. As a matter of fact, the fibres 
i n
 A* arabioa Willd occupy the largest space in the bark, 
followed A. deourrens Willd. The least space is occupied 
in A. mollissima willd. This means the remaining space 
occupied by phloem parenchyma is highest in A., mollissima 
willd* and then A., deourrens. and the least in A,, arabioa. 
It may be pointed out here that the highest yield of tannin 
is from A. mollissimajrhich has also the highest percentage 
of phloem parenchyma cells in a unit area. We also know 
that it is the parenchyma cells which contain tannin or 
tannin-like chemioals. Thus it will be seen that A. arablea 
gives as low yield of tannin as 12# because the unit area 
occupied by fibres in this species is the largest and 
beoause the parenchyma cells occupy the least area in it. 
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The other two speedes show large area, occupied by 
parenchyma cells and give a higher yield of tannin. In 
A. mollis alma Willd the yield of tannin like substance is 
about 40^ while A. decurrens willd @cnr§>J/tls/32#. 
In India twigs from mature trees of Acacia-arablca 
are extensively used locally as tooth brushes. Interesting 
point about this practice is that these twigs are used as 
far as possible in green state. While making an anatomical 
study of the shoots of mature trees in comparison with 
those of seedlings, an attempt has been made, to find out 
if there is any relation between the anatomy of these 
shoots and their preference for use as tooth brushes. 
The number of bark fibre band in both seedling and 
shoots of mature trees is more or less the same and varies 
from 6-8 in the first year but in the second year there is 
considerable difference. Shoots of two year old seedling 
seldom show more than 2 bands in the second year while the 
shoot of mature trees have as many additional bands as 2-6. 
This shows why shoots of mature trees are prefered to those 
of seedlings for the purpose of tooth brushes. 2here is 
more tissue responsible for the hardness of the tooth brushes 
and those that yield tannin like substances in the shoots 
of mature tree. Tannin is considered a suitable chemical 
by dentists for hardening the gum and strengthening roots 
of teeth. 
. 65. Cross section showing old bark of Acacia 
arabica willd. Hote the structure^f"""^ 
periderm the crushed secondary phloem 
sieye elements and, fibrous phloem occupy-
ing greater space than in the other two 
species. Rays are more long radially than 
tangentially* 

Fig. 66. Gross section showing old bark of A.Decurrens 
willd. Mote the parenchyma occupying the 
greater space, than the fibers. 

f ig . 67. Photograph showing old bark of &. mollissima 
Note that the fanning of rays i s not very 
s igni f icant . The individual ray ce l l s are 
more long tangent!ally than rad ia l ly . 

Fig. 68. Cross section of base region of 2 year old 
shoot of mature tree showing heavy chemical 
deposits* 
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S U M M A R Y 
P A R T - I 
1. An anatomioal study of the bark of shoots of 
seedlings and of mature trees of Acacia arablea Willd 
has been carried out. These materials were investigated 
from an early stage of growth to one year old, A few 2 
year old shoots have a lso been included i n t h i s study. 
2. Starting from the epidermal c e l l s , i t has been 
found that neither the seedlings nor the shoots of 8 day 
old show any clear d i f ferent iat ion between the epidermal 
c e l l s and the c e l l s of ground t i s s u e s . By the time they 
are 12 days old there are some signs of d i f ferent iat ion. 
When seedlings and shoots are 30 days old, the epidermis 
s tar t s peeling off. This continues upto time when the 
plants are one year old. After that , the sub-epidermal 
t i s sues s tart to peel off a l s o . 
3 . Formation of periderm begins when the seedlings 
and the shoots of mature tree are about 10 days old. The 
i n i t i a t i o n i s done in the sub-epidermal region, either in 
a s ingle patch or in as many as 7 patches. Formation of 
periderm progresses rather slowly. I t takes about 20-35 
days for the periderm to encircle the entire shoot. 
i*5 
4. At the early stage of periderm formation there are 
only two types of cells, namely, phellogen and phellum. 
The latter tissues increase in number rather quickly. The 
last of all the phelloderm is formed. 
5. When the encirclement has been completed, the 
epidermis begins to peel off. 
6. The cortex shows considerable variation in the number 
of cells that it contains. In this respect each shoot 
seems to be governed by its internal physiology, 'there 
is, however, no doubt this tissue possesses considerable 
plasticity. 
7. Contents of cortical cells are at first starch 
grains, which are quickly replaced by tannin-like substances. 
This happens when the shoots are about 15 days old. 
8. Developmental study of the first fibres band in the 
bark of Acacia arabica willd has teen carried out in some 
detail. The origin of the fibres has been traced to both 
the inner cortical cells and the outer protophloem. To 
start with the cells of the inner most rows of cortex and 
the outer most protophloem take angular shape. This stage 
can be easily detected "because the other cells in the 
neighbourhoods are usually spherical in contrast with the 
angular shape-dftlbres. With age these fibres become well-
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packed and thick-walled. 
9. I n i t i a t i o n of the f i r s t fibre band shows considerable 
var iat ion. Analysis of the data collected has not brought 
out any reason for i r regular i n i t i a t i o n of the f i r s t fibre 
band in different shoots. 
10. The f i r s t fibre band af ter completing encirclement of 
the shoot immediately begins to show s p l i t t i n g . The s p l i t -
t ing i s brought out by more than one s t ruc ture . Some time 
i t i s due to the formation of leaf-gaps* at other time i t 
may be due to the parenchyma c e l l s , produced by the cambium, 
which push She fibre bands apart . Again, rays also play 
an important part in the s p l i t t i n g . All these factors work 
individually or simultaneously^bring about variation in the 
number of is lands of the f ibre bands up and down the shoot. 
11. The non-fibrous primary phloem consists of parenchyma 
ce l l s only. When the fibres are developing, these parenchyma 
ce l l s l i e next to the cambium. Only occasionally there i s 
a suggestion of the formation of rays, sieve tube and companion 
c e l l s . 
12. By the time the secondary fibre groups are formed, 
some of the nonfibrous primary phloem ce l l s may be completely 
crushed^for example sieve tubes and companion ce l l s . 
ur 
13. The secondary phloem fibres originate from true 
cambium. After initiation they spread on both sides and 
encircle the entire stem except in place where rays are 
present. 
14. The rate of formation of secondary fibre bands in the 
seedlings and shoots of mature tree is somewhat different* 
Shoots of mature tree form fibre bands much more quickly 
than those of seedlings* But at the end of a year* the 
number of bands in these two types of shoots is more or 
less the same. In the second year of the life of the shoots, 
the seedlings form only 1-2 bands while in shoots on mature 
trees the bands are 4-6. 
15. Sclerieds in the bark of Acacia arabica willd are 
confined to the cortical tissue. After the splitting of 
the primary fibre band» some parenchymatous cells occupy 
the gaps. These parenchyma cells later turn into sclerieds. 
Initiation of sclerieds appears to be governed by internal 
physiology of the shoot. Ho great difference was found in 
shoots of seedlings and those of mature trees, regarding 
formation of solerieds. 
16. Phloem rays originate from true cambium, as do the 
xylem rays. To start with the rays are uniserlate but they 
i;s 
beoome b i se r i a t e to mul t iser ia te within a few days after 
tlielp i n i t i a t i o n . Acacia arabioa Willd rays fan out towards 
the periphery. The pecul ia r i ty about these rays i s that 
they show up in cross section in the shape of br ick- l ike 
ce l l s . The rays also contain deposits of tannin-l ike 
substances. 
17. The ra te of growth of phloem i s the fas tes t during 
the month of September. The cambium i s most active in 
cutting of new cel ls in August, which happens to be the 
month of harviest rain f a l l in Aligarh. Immediately after 
August ce l l s of cambial zone become very active and change 
into different t i ssues which make up the phloem. 
P A R T - I I 
A Comparative Study of Bark of Acacia arabica. A.decurrens 
and A., mollissima has been made because they are often 
mixed up in the market but yield of their tannin contents 
are conspicuously different. 
It is possible to separate these barks based on 
their anatomy. There is no fanning out of rays in the 
early bark of Acacia mollissima. Individually ray cells 
in this species also are in cross section more long 
tangentially than radially. The other two species are 
f 49 
entirely different . Furthermore, the f ibre groups occupy 
more apace in A,, arabioa than A,, decurrene. A key for 
the i r ident i f ica t ion has been included here. 
P A R T - I I I 
An analysis of the anatomical structure of the bark of 
A,, arabica* A,, decurrens and A,, mollisaima shows why 
4t« arabica yields the least percentage of tannin and 
k* mollis8ima the most, and A,, decurrens in between the 
other two species. 
Preference for the use of shoots of mature trees 
for toothbrush is anatomically explained. It is also 
pointed out why shoot of aeedlinga are not suitable for 
use as toothbrush. 
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